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CHAPTER I 
INTRODUCTION TO THE IMMUNOPATHOLOGY OF HODGKIN'S DISEASE 
One hundred and fifty years have passed since the attention of 
Thomas Hodgkin was drawn to a curious disease of the lymphoid 
system that was later to bear his name. Intense debate has raged 
f or over a hundred years concerning the essential nature of the 
disease: infectious origin, malignant proliferation, or immune 
disorder. For those who consider it a malignant neoplasm, the 
identity of its proliferating cells and its mode of spread 
within the body have also been subjects of controversy. The past 
decades have witnessed major contributions to the pathology, the 
fundamental nature of its putative tumour cell population and the 
immunological disorder which so commonly accompanies it. 
HISTOPATHOLOGY 
Hodgkin's disease differs pathologically from most malignancies 
in that the diagnosis is based upon the presence of a particular 
kind of atypical cells in a variable cellular background. The 
atypical cells, considered diagnostic for Hodgkin's disease, have 
to fulfil certain criteria, originally mentioned by STERNBERG 
The background in which one or more of these Reed-Sternberg cells 
are to be found to establish the diagnosis consists of an infil-
tration of inflammatory cells, such as lymphoid cells, plasma 
cells, eosinophilic and neutrophilic polymorph nuclear cells, 
and histiocytes. 
The currently used pathological classification of Hodgkin's disease 
is the Rye Classification , proposed in 1966. The lymphocytic 
predominance, mixed cellularity and lymphocyte depletion types 
are seen as subtypes in a spectrum of histopathological changes, 
ranging from a predominantly lymphocytic infiltration with few 
Reed-Sternberg cells to a pattern of predominantly atypical cells, 
among which many Reed-Sternberg cells, and a less conspicuous 
inflammatory component. More or less apart from this spectrum a 
nodular sclerosing type is distinguished, characterized by the 
7 
formation of nodular cellular infiltrations, surrounded by biré-
fringent bands of collagen and the presence of lacunar cells. 
Apart from the rather distinctive morphology of this type, there 
are also clinical and prognostic relevancies that justify separa-
tion of this variant as a distinctive type of Hodgkin's disease. 
Origin of the Reed-Sternberg cell. 
C o n t r a d i c t o r y o p i n i o n s on the na tu re o f the Reed-Sternberg c e l l 
are a source o f c o n f u s i o n t o any r e v i e w e r o f the l i t e r a t u r e . 
C a r e f u l c y t o l o g i c a l and cy tochemica l s tudy o f f r e s h b iopsy s p e c i -
mens i n comb ina t i on w i t h su r f ace marker techn iques favours the 
concept t h a t the Reed-Sternberg c e l l i s d e r i v e d f rom a d i s o r d e r e d 
8 43 
В c e l l ' . More r e c e n t l y , t i s s u e c u l t u r e e x p e r i m e n t s , i n c o n ­
j u n c t i o n w i t h m e t i c u l o u s i m m u n o l o g i c a l s t u d i e s o f i n d i v i d u a l 
Reed-Sternberg c e l l s f rom n o n - c u l t u r e d t u m o u r s , suggest t h a t the 
n e o p l a s t i c c e l l s o f H o d g k i n ' s d i s e a s e are r e l a t e d t o , and p o s s i -
25 27 29 b l y d e r i v e d f r o m , c e l l s o f the monocyte-macrophage system ' ' 
Interactions of lymphocytes and Reed-Sternberg cells. 
H i s t o l o g i c a l e v a l u a t i o n o f H o d g k i n ' s d i s e a s e tumour has p r o v i d e d 
e v i d e n c e f o r c e l l u l a r i n t e r a c t i o n s between l y m p h o c y t e s and Reed-
S t e r n b e r g c e l l s . F u r t h e r m o r e , when suspens ions o f tumour t i s s u e 
are p l a c e d i n s h o r t - t e r m c u l t u r e a s t r i k i n g c l u s t e r i n g o f smal l 
lymphocytes around Reed-Sternberg c e l l s i s r e a d i l y o b s e r v e d . 
42 The a d h e r e n t lymphocytes have been shown t o be Τ lymphocytes 
Perhaps the most a c c e p t a b l e i n t e r p r e t a t i o n i s t h a t an immune r e s ­
ponse i s mounted by c y t o t o x i c Τ c e l l s a g a i n s t Reed-Sternberg c e l l s 
33 because o f f o r e i g n a n t i g e n s on i t s s u r f a c e . McGUIRE e t a l . 
r e p o r t e d a p o s i t i v e c o r r e l a t i o n between the p r o p o r t i o n o f Hodgkin 
c e l l s w i t h a t t a c h e d lymphocytes and f a v o u r a b l e p r o g n o s i s o f the 
d i s e a s e . 
IMMUNOLOGICAL FEATURES 
Cell-mediated immunity 
It has long been known that patients with Hodgkin's disease are 
remarkably susceptible to certain types of infection . 
8 
The frequency at which tuberculosis was once encountered led 
41 STERNBERG to suggest that the disease itself was an aberrant 
form of tuberculosis. Today other types of infection, notably 
13 herpes zoster varicella , have surpassed the granulomatous 
infections in frequency in patients with Hodgkin's disease. That 
this remarkable susceptibility to infections might reflect an 
underlying immunological deficiency state was suggested years 
ago by DUBIN 9. However, it was not until SCHIER et al. demon­
strated that many patients with Hodgkin's disease are anergic 
to delayed hypersensitivity antigens, such as tuberculin, that 
it became clear that the immunological defect affects cell-
mediated immunity. 
The clinical observations induced in vitro studies to elucidate 
the mechanisms of the depressed cellular immunity. The impaired 
ability of both peripheral blood and tissue lymphocytes from 
patients with Hodgkin's disease to undergo transformation follo-
1 27 
wing exposure to Τ cell mitogens and antigens is well known ' ' 
32 4 7 
' . This phenomenon seems inherent to Hodgkin's disease and 
is not a complication of extensive disease, although the lympho-
21 
cyte deficiency usually is more pronounced in advanced disease 
The disturbance is caused by a functional defect of the Τ cells 
rather than a decrease in their number and appears to precede 
the development of the familiar lymphocytopenia. 
The impaired in vitro responsiveness of lymphocytes may be caused 
4 34 
by serum factors such as circulating proteins , antigens , 
5 14 
immune complexes , or lymphokines . This hypothesis is based upon 
circumstantial evidence. 
Otherwise, studies from several laboratories indicate that exces­
sive suppressor cell activity may be one of the factors respon­
sible for the immunodeficiency state associated with Hodgkin's 
disease. The finding that mononuclear cells of Hodgkin's disease 
patients impair antigenic or mitogenic responsiveness of normal 
44 
lymphocytes , was originally attributed to suppressor cell acti­
vity of lymphocytes, but later experiments suggested that suppres­
sion was mediated by monocytes ' * ' 
15 GOODWIN et al. presented further evidence that inhibitory mono-
cyte-lymphocyte interactions may be one of the causes of impaired 
c e l l - m e d i a t e d immuni ty i n H o d g k i n ' s d i s e a s e . These i n v e s t i g a t i o n s 
i d e n t i f i e d g l a s s - a d h e r e n t p r o s t a g l a n d i η - p r o d u c i n g s u p p r e s s o r c e l l s 
i n the b l o o d which cause r e v e r s i b l e i n h i b i t i o n o f lymphocyte r e s ­
ponse t o p h y t o h a e m a g g l u t i n i η . The s u p p r e s s i v e e f f e c t i s n e u t r a l i z e d 
by i n d o m e t h a c i η , a p r o s t a g l a n d i n - s y n t h e t a s e i n h i b i t o r . 
In c o n c l u s i o n , i t may be s t a t e d t h a t the i m p a i r m e n t o f c e l l u l a r 
immuni ty appears t o be due, at l e a s t i n p a r t , t o a c t i v e s u p p r e s s i o n 
o f T - c e l l f u n c t i o n . As immune responses r e q u i r e a complex i n t e r p l a y 
2 
o f n e g a t i v e as w e l l as p o s i t i v e r e g u l a t i n g i n f 1 u e n c e s , c o l l a b o r a ­
t i v e i n t e r a c t i o n s between two or more b a s i c c e l l t y p e s , e s p e c i a l l y 35 
Τ c e l l s and m o n o c y t e s , and serum f a c t o r s may be necessary i n the 
development o f s u p p o r t i v e e f f e c t s i n H o d g k i n ' s d i s e a s e . 
I m p a i r e d eel 1-mediated immunity may be o f p r a c t i c a l i m p o r t a n c e , 
as a s e v e r e l y i n e f f e c t i v e ir,imune response seems t o have an ominous 
3 
p r o g n o s t i c s i g n i f i c a n c e i n H o d g k i n ' s d isease . 
The r o l e o f c e l l u l a r immunity i n the p a t h o g e n e s i s of the d isease 
i t s e l f remains u n c e r t a i n . S p e c u l a t i o n c e n t e r s round the p o s s i b i l i ­
t i e s t h a t immune i m p a i r m e n t i s a necessary p r e r e q u i s i t o f o r e s t a ­
b l i s h m e n t o f the d i s e a s e , or a d e l e t e r i o u s consequence o f the 
tumour burden o f H o d g k i n ' s d i s e a s e . 
Humoval immunity 
Humoral immuni ty appears t o be u n i m p a i r e d i n H o d g k i n ' s d i s e a s e . 
I m m u n o g l o b u l i n l e v e l s and В c e l l counts are u s u a l l y a t normal 
l e v e l s i n e a r l y s tages of the d isease . WAGENER et a l . found 
i n c r e a s e d l e v e l s o f i m m u n o g l o b u l i n s i n 51 u n t r e a t e d p a t i e n t s . T h i s 
o b s e r v a t i o n of e l e v a t e d i m m u n o g l o b u l i n p r o d u c t i o n i s c o r r o b o r a t e d 
by the f i n d i n g of augmented s p l e n i c IgG p r o d u c t i o n as a r e g u l a r 
30 f e a t u r e i n H o d g k i n ' s d isease 
Spontaneous lymphocyte transformation 
D e s p i t e the e v i d e n c e f o r depressed c e l l u l a r i m m u n i t y , s e v e r a l o f 
the phenomena a s s o c i a t e d w i t h H o d g k i n ' s d i s e a s e are s u g g e s t i v e of 
i n c r e a s e d lymphocyte a c t i v i t y . The o r i g i n a l o b s e r v a t i o n o f CROWTHER 
e t a l . o f i n c r e a s e d spontaneous DNA s y n t h e s i s by lymphocytes i n 
the b l o o d of p a t i e n t s w i t h H o d g k i n ' s d i s e a s e has been c o n f i r m e d 
3 23 
s e v e r a l t imes * . A good c o r r e l a t i o n was n o t e d between these 
10 
spontaneously transformed cells and a nunber of morphologically 
39 
atypical lymphocytes . The morphology of such cells was described 
by HALIE et al. ' , who related the presence of the moderately 
basophilic blasts to dissemination of Hodgkin's disease. This 
τ о 
finding has not been confirmed . The atypical lymphocytes in 
Hodgkin's disease are analogous in many respects to lymphocytes 
that have undergone "blast transformation" in tissue culture on 
stimulation with mitogens or specific antigens. Similar transfor­
med lymphocytes are also observed in the peripheral blood during 
12 45 
the course of viral infections and hypersensitivity reactions , 
after vaccination , prior to transplant rejections , in patients 
18 7 
with malignancy , and in autoimmune disease . 
The exact cause of spontaneous lymphocyte transformation in 
Hod kin's disease remains obscure. It is unlikely that the cells 
which show increased spontaneous DNA synthesis are neoplastic, 
since malignant cells are rarely found in the peripheral blood, 
especially in localized disease. If these lymphocytes are malignant, 
they are not the characteristic malignant cells of Hodgkin's dis­
ease. The possibility that DNA synthesizing lymphocytes are normal 
precursors released from lymph nodes involved in the disease 
process seems improbable, since only slightly increased numbers 
of these cells are observed in carcinoma patients with multiple 
lymphnode metastases. It is difficult to refute the explanation 
that the changes in Hodgkin's disease could represent a reaction 
against an undiscovered associated infection, but the absence of 
signs of overt infection in most cases studied argues against it. 
The most attractive explanation for the increased number of spon­
taneously transformed lymphocytes in Hodgkin's disease may be that 
it concerns immunoreactive cells, challenged in vivo by an unknown 
disease-related antigen. This conception is supported by the pre­
sence of similar spontaneously transformed lymphocytes under con­
ditions of known antigenic stimulation, as mentioned above. More­
over, lymphocytes with increased spontaneous DNA synthesis tend 
to have higher cytotoxicity than lymphocytes with normal DNA syn-
22 
thesis in patients with Hodgkin's disease . Cytotoxicity contri­
butes to the host defences in a variety of infections. These cells 
have been designated "natural killer" cells and they may play a 
11 
part in tumour surveillance ' 
It has been shown that the quantitative depression of cellular 
immunity in Hodgkin's disease, as measured by the in vitro res­
ponse to phytohaemagglutini η, correlates inversely with the ex-
32 39 tent of spontaneous lymphocyte transformation ' . An analogous 
inverse relationship was noted in the recipients of renal allo-
19 grafts . These findings indicate that these two phenomena are 
intimately related. In Hodgkin's disease, immune stimulation 
leads to both the increased presence of large transformed cells, 
presumably reacting to an antigenic challenge, and the suppres­
sion of the ability of other lymphocytes to react to a new anti­
genic or mitogenic stimulus. 
This suppression need not to be mediated directly by the trans­
formed cells, but could result from simultaneous activation of 
non proliferating suppressor cells. 
The association of anergy and putatively reactive spontaneously 
transformed lymphocytes is not specific for Hodgkin's disease. 
It is also transiently present in acute and chronic infections, 
7 2 fi 
as well as following immunization ' . Analogous to these benign 
conditions, an overwhelming commitment to the presumed antigen 
of Hodgkin's disease would impoverish the immune response. This 
mechanism of antigenic competition could conceivably lead to the 
inability to meet other antigenic challenges. 
12 
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CHAPTER II 
OUTLINE OF INVESTIGATIONS AND OBJECTIVES 
The initial objective of this study was to investigate the pheno­
menon of spontaneous transformation of circulating lymphocytes in 
patients with Hodgkin's disease. Spontaneous lymphocyte transfor­
mation is measured as DNA sythesis during short term unstimulated 
lymphocyte cultures. 
Study of lymphocyte functions may be hampered by admixture of 
granulocytes and monocytes . As lymphocyte suspensions isolated 
by conventional techniques are considerably and variably contami­
nated by other leukocytes, we decided to develop a new method 
for the isolation of lymphocytes (chapter I I I ) . 
5 
LOOS and ROOS demonstrated by means of a continuous density 
gradient that in vitro transformed lymphocytes have a relatively 
low density. With this technique we investigated whether preselec­
tion on the basis of specific gravity would provide an enrichment 
of spontaneously transformed cells within the low density lympho­
cyte fractions. Studies were performed in patients with Hodgkin's 
disease, non-Hodgkin lymphoma, viral infections, solid tumours 
and multiple sclerosis (chapter I V ) . 
With the same technique we studied the lymphocyte density distri­
bution of patients with Hodgkin's disease in comparison to normal 
controls. Thereupon, we tried to demonstrate a correlation 
3 
between the magnitude of spontaneous Η-thymidine uptake by low 
density lymphocytes and the extent of Hodgkin's disease (chapter 
V ) . 
2 4 Occasional data from the literature ' suggested an association 
between the presence of spontaneously DNA synthesizing cells and 
post-treatment activity of Hodgkin's disease. Therefore, we 
evaluated prospectively spontaneous lymphocyte transformation 
before and after therapy of Hodgkin's disease (chapter V I ) . 
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Attempts were made to define the low density lymphocyte subpopu­
lations involved in spontaneous DNA synthesis by means of 
Ε-rosette and EAC-rosette sedimentation on Fi col1-Isopaque gra­
dients (chapter V I I ) . 
The unseparated high density lymphocytes showed only slightly 
increased DNA synthesis. Separation into a Τ and a non-T cell 
population, however, disclosed a suppressed potency for DNA syn­
thesis of the non-T lymphocytes in patients with Hodgkin's disease. 
The importance of this phenomenon is discussed in chapter VIII. 
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SUMMARY 
A new method was employed to isolate lymphocytes from human 
peripheral blood. Continuous flow filtration through a nylon wool 
filter, at a flow rate of 1.4 ml per min, produced a lymphocyte 
yield of 90.5 per cent and a purity of 96 per cent without any 
shift in the B-T cell ratio. Fi col 1-Isopaque with a specific 
gravity of 1.085 g per ml instead of 1.077 g per ml could be 
used to remove the erythrocytes. An overall recovery, including 
defibrination, filtration. Fi col 1-Isopaque centri fugati on and a 
washing step, of 74.5 per cent was achieved. 
INTRODUCTION 
The attention focussed on the role of the lymphocytes in the 
immune response leads to the elaboration of various methods for 
isolation of lymphocytes from human peripheral blood. 
The techniques are based on differences in size, density and 
phagocytic as well as adherent capacity between the various 
leukocytes. In recent years Fi col 1-Isopaque centri fugati on has 
proved itself to be one of the most useful procedures ' . It 
gives a good lymphocyte yield, but contamination by monocytes is 
considerable. Elimination of monocytes and granulocytes by sedi-
mentation after particle ingestion is often incomplete ' * 
Removal of these cells by adherence to solid surfaces ' ' ' 
may result in substantial specific loss of thymus independent 
1 8 19 
cells by selective retention ' ' . I n the present study a modi-
fication of an adherence technique combined with Fi col 1-Isopaque 
centri fugati on, producing a good recovery without specific loss, 
is described. 
MATERIALS AND METHODS 
Materials 
Plastic centrifuge tubes; Falcon, Division Becton, Dickinson and 
Co. Oxnard, California, USA, Code nr 2070. 
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Tissue culture flasks; Falcon, Division Becton, Dickinson and 
Co. Oxnard, California, USA, Code nr 3024. 
PVC tubes, 11 cm in length and 0.5 cm internal diameter; Talas, 
Ommen, The Netherlands, Code nr С 10 E. 
Nylon wool; Leukopak, Fenwal Laboratories, Illinois, USA; 
Travenol Laboratories M c , Deerfield, Illinois, USA. 
Autoanalyser pump tubes, 1.7 mm internal diameter; Otam B.V., 
Rijsbergen, The Netherlands, Code nr ENE-A18. 
Peristaltic pump; CENCO N.V., Breda, The Netherlands. 
Minimal Essential Medium (M E M ) ; Gibco, Grand Island 
Biological Company, Grand Island, New York, USA, Code nr F 14. 
Ficoll, molecular weight 400.000; Sigma Chemical Company, 
St.Louis, USA. 
Isopaque, 440 mgl/ml ; Nyegaard and Co A.S., Oslo, Norway. 
Centrifuge, RC,; Sorvall Inc. Newton, Connecticut, USA. 
Hemalog 8 and Hemalog D; Technicon Instruments Corp. Tarrytown, 
New York, USA. 
C o u l t e r Counter model ZF; C o u l t e r E l e c t r o n i c s L t d . , D u n s t a b l e , 
B e d f o r d s h i r e , E n g l a n d . 
Downflow c a b i n e t ; CEAG, Dortmund, W-Germany, Type CF 600 B. 
Methods 
Fifty ml human peripheral venous blood of healthy volunteers are 
defibrinated with glass beads under sterile conditions and divided 
over two 50 ml centrifuge tubes. After equilibration for 15 min 
at 37 0C the content of each tube is pumped through the PVC tubes, 
filled with 600 grams gas sterilized nylon wool,which is moistened 
before by phosphate buffered 0.9 % NaCl. The nylon wool is kept in 
place by a piece of nylon stocking. At both ends these filters 
are connected to autoanalyser pump tubes. The afferent tube is 
placed in a peristaltic pump, providing a continuous flow of 
1.4 ml per min. During the pumping procedure the filter tube is 
kept in a 37 0C water bath. 
The effluent is collected in a tissue culture flask and diluted 
with a double volume of Tris-buffered MEM (pH 7.35). After gently 
mixing, 25 ml cell suspension are carefully layered on top of 
15 ml Fi col 1-Isopaque solution, gravity 1.085 g/ml, adjusted to 
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300 mosmol and pH 6 . 6 . The s i x c e n t r i f u g e tubes are spun a t 1000 
χ g f o r 20 min at room t e m p e r a t u r e . A f t e r removing the s u p e r n a t a n t , 
the i n t e r p h a s e s are c o l l e c t e d by s t e r i l e P a s t e u r p i p e t t e s , d i l u t e d 
w i t h an equal volume o f T r i s - b u f f e r e d MEM and i n 4 c e n t r i f u g e 
tubes spun a t 600 χ g f o r 15 min a t room t e m p e r a t u r e . 
A f t e r t h i s washing p r o c e d u r e the s u p e r n a t a n t i s removed and the 
p e l l e t i s resuspended i n 5 ml T r i s - b u f f e r e d MEM. 
C e l l number i n the s t a r t i n g m a t e r i a l , f i l t e r e f f l u e n t , and f i n a l 
suspens ion are c o u n t e d by Hemalog 8 and C o u l t e r C o u n t e r . At the 
same t ime the c o m p o s i t i o n o f the l e u k o c y t e p o p u l a t i o n i s d e t e r ­
mined by c o u n t i n g 1.000 or 10.000 c e l l s i n the Hemalog-D. 
Lymphocyte s u r f a c e marker d e t e r m i n a t i o n s are c a r r i e d out as 
d e s c r i b e d by BIANCO e t a l . 4 and JONDAL e t a l . . The normal va lues 
i n our l a b o r a t o r y f o r Ε - r o s e t t e f o r m i n g lymphocytes are 5 3 + 7 per 
c e n t ( range 4 0 - 6 6 ; η = 19) and f o r E A C - r o s e t t e s f o r m i n g lympho­
c y t e s 2 6 + 5 per cent ( range 1 3 - 3 7 ; η = 1 9 ) . 
V i a b i l i t y o f the c e l l s i s c o n t r o l l e d by Trypan Blue e x c l u s i o n . 
A l l manual e x p e r i m e n t s are done i n a downflow c a b i n e t under 
s t e r i l e c o n d i t i o n s . 
RESULTS 
The results of the nylon wool filtration are tabulated in table I. 
Under standard conditions the yield of lymphocytes varies from 
74 to 110 per cent with a mean of 90.5 per cent, and the purity 
ranges from 92 to 99 per cent with a mean of 96 per cent. 
The contamination by monocytes ranges from 0 to 1.6 per cent. 
Lymphocyte membrane marker determinations do not show any shift 
in the B-T cell ratio after filtration. Ε-rosettes before filtra­
tion range from 38 to 66 with a mean of 52.8 per cent, and after 
filtration from 43 to 65 with a mean of 54.9 per cent; EAC-roset­
tes 11 to 28 with a mean of 21.5, and 16 to 31 with a mean of 
22.9 respectively (Wilcoxon's median test). The flow rate through 
the nylon wool filter appears to be critical for the recovery 
and purity. Reducing the flow below 1 ml per min results in a 
mean lymphocyte recovery of 78 per cent, whereas the purity re­
mains unchanged. Increasing the flow rate diminishes the purity 
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Table I 
Results of nylonwool filtration at a flow rate of 
1.4 ml per min. 
mean standard deviation number of 
experiments 
Recovery 90.5 
Purity 96 
Percentage of monocytes 0.5 
E rosettes before filtration 52.8 
after filtration 54.9 
EAC rosettes before filtration 21.5 
after filtration 22.9 
8.6 
2.5 
0.3 
not relevant 
not relevant 
not relevant 
not relevant 
19 
19 
19 
10 
10 
10 
10 
of the filtrate below 80 per cent. The temperature of the water 
bath is also important; a water temperature of 21 С reduces the 
purity of the lymphocyte suspension to less than 80 per cent. 
The overall yield of lymphocytes, including defibrination, fil­
tration, Fi col 1-Isopaque centri fugati on , and a washing step ranges 
from 65 to 85 per cent with a mean of 74.5 (n = 1 9 ) . In the final 
suspension 4-6 erythrocytes are present for every lymphocyte. 
Using the Trypan Blue exclusion test more than 99 per cent of the 
lymphocytes appears to be viable. 
The whole procedure can be carried out in about 90 min. 
DISCUSSION 
The majority of the less complicated methods in lymphocyte isolation 
from peripheral blood trades off high cell recovery for high purity, 
but yield is as important as purity and selective loss of lympho­
cytes must be avoided. 
The most commonly used method for removal of the erythrocytes is 
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the Ficoll-Isopaque density centri fugati on, which does not influ­
ence the B-T cell ratio . This method offers a variable lympho-
C С I O 
cyte recovery, ranging from 40 to 90 per cent * ' . The use of 
a gravity of 1.085 g per ml, possible after removal of granulo­
cytes and monocytes by nylon wool filtration, instead of 1.077 
g per ml produces a less variable and higher average yield of 
lymphocytes, probably by retaining the cells with a density 
between 1.077 and 1.085 g per ml and by reducing trapping within 
the sedimenting erythrocytes. The high recoveries of the dextran 
ς 
sedimentation and erythrocyte lysis techniques are influenced 
unfavourably by considerable erythrocyte contamination and 
20 21 transient disturbance of the lymphocyte function ' 
In order to obtain a sufficient purity of the lymphocytes, the 
Fi col 1-Isopaque centri fugation has to be combined with a procedure 
to deplete granulocytes and monocytes. Particle ingestion ' is 
15 
often incomplete and gives a variable purity and yield . With 
regard to the purity obtained, sedimentation techniques are fre­
quently inferior to adherence procedures. Adherence to glass ' , 
13 9 
cotton , or nylon , gives a yield of 60-70 per cent and a purity 
of 95-98 per cent. In general, it is found that such treatments 
remove not only monocytes and granulocytes, but also variable 
percentages of lymphocytes, particularly В cells. It is 
clear that lymphocytes cannot be considered as non adherent, but 
under certain conditions human thymus independent lymphocytes are 
•5 2 
not selectively retained, as is shown for cottonwool- 3 and glass . 
In the present paper, using a continuous flow rate of 1.4 ml per 
min through a nylon wool column, no shift in B-T cell ratio is 
found after filtration, and excellent purity with a high yield 
is achieved. 
In summary it may be stated that combination of continuous flow 
nylonwool filtration with Fi col 1-Isopaque centri fugati on offers 
a simple and quick method to isolate lymphocytes from peripheral 
blood with a high purity and a considerable yield. 
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CHAPTER IV 
S e l e c t i o n o f i n v i v o s p o n t a n e o u s l y t r a n s f o r m e d lymphocytes by 
means o f d e n s i t y c e n t r i f u g a t i on 
В.E. de Pauw, P.H.M, de M u l d e r , E.J.M.Geestman , J.M.С.Wessels 
D.J.Th.Wagener and C.Haanen 
This c h a p t e r was a c c e p t e d f o r p u b l i c a t i o n by the " N e t h e r l a n d s 
J o u r n a l o f M e d i c i n e " 
SUMMARY 
A method to facilitate the detection of spontaneously transformed 
lymphocytes in the peripheral blood in a variety of clinical 
settings is described. 
Lymphocyte selection on the basis of specific gravity revealed 
an enrichment of DNA synthesizing cells in the low density frac­
tions. Comparing low density lymphocytes with medium and high 
density subsets, a highly significant difference in DNA synthesis 
was found in normal controls, Hodgkin's disease, non-Hodgkin 
lymphomas, viral infections and multiple sclerosis (p < 0.001). 
In patients with solid tumours the difference was less pronounced 
(p < 0 . 0 2 ) . 
The patients' low density lymphocytes showed a substantially 
increased spontaneous DNA synthesis compared with corresponding 
cells of normal controls. 
INTRODUCTION 
During an immune response a small number of lymphocytes are stimu­
lated selectively by antigens to proliferate or differentiate. 
Proliferating lymphocytes synthesize DNA, which can be measured 
3 
by means of Η-thymidine incorporation during in vitro incubation. 
Thymidine uptake by cells in unstimulated cultures reflects prin­
cipally the level of spontaneous transformation among circulating 
g 
lymphocytes . These transformed cells are well known as morpho­
logically atypical lymphocytes in viral infections . 
They have been found to a lesser extent in the peripheral blood 
of patients with malignancy and autoimmune disease . Study of 
these cells is often hampered by the low number of proliferating 
lymphocytes in the total population. Usually less than one per 
cent of the lymphocytes is engaged in spontaneous DNA synthesis. 
Recently, (see chapter V) we demonstrated that preselection on 
the basis of specific gravity resulted in a considerable enrich-
30 
ment of spontaneously DNA synthesizing cells in the low density 
3 
lymphocyte fractions of patients with Hodgkin's disease . 
Examining the possible specificity of this phenomenon, a scree­
ning -survey of spontaneous thymidine incorporation by various 
density lymphocyte subsets in several clinical settings was 
undertaken. 
PATIENTS AND METHODS 
Selection of patients 
This study included 41 patients with active Hodgkin's disease 
(31 newly diagnosed and 10 relapsed patients, without any therapy 
for more than 6 mo n t h s ) ; 10 patients with newly diagnosed non-
Hodgkin's lymphoma (5 lymphocytic, 3 histiocytic, and 2 mixed 
lymphohistiocytiс ty p e ) ; 12 patients with active viral infection 
(6 infectious mononucleosis, 4 influenza, and 2 cytomegalic 
inclusion disease); 8 patients with untreated metastatic solid 
tumours (3 oatcell carcinoma of the bronchus; 2 testis carcinoma; 
1 mammacarcinoma, and 2 pancreascarcinoma): 16 patients with 
active multiple sclerosis; and 14 normal healthy volunteers. 
There were no signs of complicating secundary infectious disease. 
Isolation and culturing of lymphocytes 
Lymphocytes were isolated from peripheral blood by a method 
described by DE PAUW et al. (1979). Briefly, monocytes and granu­
locytes were removed from defibrinated Ы o o d by nylon wool filtra­
tion at a constant flow rate. The filtrate was depleted of 
erythrocytes by density centri fugati on. By this technique an 
average lymphocyte purity of 96 1 is achieved, whereas the 
contamination by monocytes varies from 0 to 1.6 %. For each 
individual test person a density distribution profile of the 
lymphocytes was made by means of a linear Fi col 1-Isopaque gradient, 
with a specific gravity ranging from 1.095 at the bottom to 
о 
1.055 at the top of the tube . The lymphocyte suspensions were 
layered on top of the gradients. Centri fugati on forced the lym­
phocytes to the place in the gradient corresponding with their 
own density. After centrifugati on samples of 2 ml were taken by 
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pumping out the c o n t e n t of the t u b e . In each sample s p e c i f i c 
g r a v i t y and c e l l number were d e t e r m i n e d . A f t e r r e c o v e r y f r o m the 
l i n e a r g r a d i e n t the lymphocytes were d i v i d e d i n t o t h r e e f r a c t i o n s , 
c o n t a i n i n g c e l l s o f d i f f e r e n t d e n s i t y . The f i r s t f r a c t i o n 
compr ised c e l l s w i t h a h i g h d e n s i t y between 1.085 and 1.075. The 
s e c o n d , medium d e n s i t y f r a c t i o n ranged from 1.075 t o 1.067, and 
the t h i r d , low d e n s i t y f r a c t i o n c o n t a i n e d lymphocytes w i t h a 
s p e c i f i c g r a v i t y below 1.067. 
4 
Samples o f each f r a c t i o n were taken t o be c u l t u r e d . The c e l l 
c o n c e n t r a t i o n o f the v a r i o u s lymphocyte suspens ions was a d j u s t e d 
ς 
t o 3 χ 10 per ml by adding T r i s - b u f f e r e d Min imal E s s e n t i a l 
Medium, c o n t a i n i n g 20 % p o o l e d human serum, and supplemented w i t h 
p e n i c i l l i n (100 I l l /ml ) and s t r e p t o m y c i n (100 p g / m l ) . A l i q u o t s of 
1 ml f r o m each s u s p e n s i o n were c u l t u r e d w i t h o u t a d d i t i o n of any 
3 
s t i m u l a n t , a f t e r adding 0.25 μΟι Η - t h y m i d i n e ( s p e c i f i c a c t i v i t y 
5 Ci/mmol) i n 0 . 1 ml c u l t u r e medium. A f t e r 24 h the c e l l s were 
h a r v e s t e d on m i l l i p o r e m i c r o f i b r e g l a s s f i 1 t e r s . The H - t h y m i d i n e 
uptake i n counts per min was measured w i t h a l i q u i d s c i n t i l l a t i o n 
c o u n t e r . A l l c u l t u r e s were c a r r i e d out i n t r i p l i c a t e under s t e r i l e 
condì" t i ons. 
Statistics 
The Wi lcoxon Sign Rank t e s t was used to c a l c u l a t e s t a t i s t i c a l 
3 
d i f f e r e n c e s between the spontaneous Η - t h y m i d i n e i n c o r p o r a t i o n o f 
the v a r i o u s d e n s i t y lymphocyte s u b g r o u p s . 
RESULTS 
The results of the measurements of the spontaneous transformation 
of the lymphocyte density subgroups are tabulated in table I. In 
patients with Hodgkin's disease, non-Hodgkin lymphoma, viral 
3 
infection, multiple sclerosis, and in normal controls the H-
thymidine incorporation by the low density lymphocytes was signi­
ficantly higher than that of the medium and high density subpopu­
lations (ρ < 0.001) . In patients with solid tumours this diffe­
rence was less pronounced (p < 0.0 2 ) . 
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T a b l e I 
Η - t h y m i d i n e u p t a k e by the lymphocyte f r a c t i o n s i n t h e v a r i o u s c l i n i c a l e n t i t i e s 
Η - t h y m i d i n e i n c o r p o r a t i o n i r c o u n t s per m i n / 3 χ IO 5 c e l l s 
Normal controls 
Hodgkin's oisease 
Non-Hodgkin lymphoma 10 
Vi ral infect ions 
Sol id tumours 
Mul t ip le sclerosis 
number of 
cases 
15 
41 
io 
12 
a 
18 
h 
median 
270 
410 
383 
440 
410 
300 
i g h d 
lymph 
mean 
261 
831 
461 
489 
999 
279 
e n s i t y 
o c y t e s 
range 
85- 370 
130-12690 
140-1430 
200-1105 
160-5285 
130- 550 
n e d i j m 
Tedian 
290 
470 
633 
735 
690 
285 
d e n s i t y 
l y m p h o c y t e s 
mean 
268 
719 
776 
834 
947 
338 
range 
105- 405 
115-6810 
220-1935 
375-1975 
225-4025 
160-1050 
median 
450 
moo 
1052 
1590 
755 
855 
low de n s i t y 
lymphocytes 
mean 
435 
1323 
954 
1703 
1785 
848 
range 
195- 580 
310-7930 
370-2340 
705-2770 
270-8635 
290-2495 
T a b l e I I 
Number o f cases i n t h e d i f f e r e n t l y m p h o c y t e f r a c t i o n s w i t h Η - t h y m i d i n e u p t a « e аэо е t n e 
normal l e v e l . The d i s c r i m i n a t i o n between p a t i e n t s and c o n t r o l s u b j e c t s i s n o s t p r o n o j n c e d 
i n t h e low d e n s i t y s u b s e t s 
Nunber o f cases w i t h i n c r e a s e d 4 - t h y n i d i n e 
i n c o r p o r a t ι on 
H o d g k i n ' s d i s e a s e 
N o n - H o d g k i n lymphoma 
Vi r a l ι n f e c t i o n s 
Sol i d t u m o u r s 
M u l t i p l e s c l e r o s i s 
t o t a l number h i g h d e n s i t y 
o f cases l y m p h o c y t e s 
41 
10 
12 
8 
16 
2 3 (56%) 
5 (50%) 
7 (58') 
6 (75·.) 
3 (19%) 
medium density low density 
lymphocytes lymphocytes 
25 ( 6 1 , ) 
6 ( 6 0 ' , ) 
10 ( 8 3 , ) 
6 ( 7 5 , ) 
4 ( 2 5 * ) 
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8 
12 
7 
e 
( 7 0 ) 
( 8 0 ) 
( 1 0 0 , ) 
( 8 8 ) 
( 5 0 ) 
The spontaneous H-thymidine incorporation in the various lympho­
cyte subpopulations of normal controls was collated with that in 
corresponding cells of patients with Hodgkin's disease, non-
Hodgkin lymphoma, viral infections, solid tumours and multiple 
sclerosis (see Table I I ) . All lymphocyte subpopulations of the 
patients showed an increased spontaneous Η-thymidine uptake as 
compared with normal controls. Although the low density lympho­
cytes in normal controls displayed the highest spontaneous DNA 
synthesis in comparison with the other density subgroups (Table I ) , 
the most striking differences between controls and patients were 
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found in this very lymphocyte subpopulation (Table I I ) . Among the 
different diseases, with the exception of multiple sclerosis, 
3 
a similar percentage of patients with Η-thymidine incorporation 
above the normal range was found. 
DISCUSSION 
Unstimulated Η-thymidine incorporation into human peripheral 
blood lymphocytes provides a good evaluation of the proportion 
of cells which are, at a given moment,in a stage of in vivo 
proliferation. Patients with viral infections have a particularly 
large number of atypical mononuclear cells in S-phase in the 
blood ' . Study of this phenomenon in other clinical entities 
has often been hampered by the inability to detect activated 
9 10 
cells among the unselected lymphocyte populations ' . This 
could be due to the low number of DNA-synthesizing cells among 
the total population. Our results indicate that spontaneously 
transformed lymphocytes in the peripheral blood during a variety 
of clinical settings do differ from inactive cells in their 
density distribution. Proliferating lymphocytes are preferentially 
found in the low density regions. Therefore preselection on the 
basis of specific gravity seems to be a suitable starting point 
for studying spontaneous proliferation of lymphoid cells in 
different disorders. Sensitivity in detecting an excess of 
spontaneously transformed lymphocytes appeared to be quite good. 
In all clinical settings studied the discrimination between 
normal controls and patients proved to be more obvious within 
the low density fractions in comparison with the medium and 
high density subsets. 
The origin of the spontaneously proliferating lymphocytes is 
obscure. Our findings suggest that increased spontaneous lympho­
cyte proliferation is a feature common to various diseases. 
It is tempting to assume an analogous activation mechanism. The 
most attractive explanation of the elevated spontaneous DNA 
synthesis is that it concerns immunoreactive lymphoid cells, 
challenged in vivo by an unknown disease related stimulus. 
34 
This conception is supported by the presence of similar 
spontaneously proliferating lymphocytes under conditions of known 
antigenic stimulation ' . Otherwise, it may affect virus-induced 
5 
transformation as has been suggested for multiple sclerosis . 
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CHAPTER V 
Lymphocyte d e n s i t y d i s t r i b u t i o n p r o f i l e and spontaneous t r a n s ­
f o r m a t i o n r e l a t e d to the stage of H o d g k i n ' s d isease 
B.E. de Pauw, D .J .Th .Wagener, J .В . J .ΓΙ .Smeul ders , E . J .M. Gees tman , 
J.Μ.С.Wessels and C.Haanen 
This c h a p t e r was p u b l i s h e d i n the " B r i t i s h J o u r n a l o f Haematology" 
44: 359-364, 1980 
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SUMMARY 
D e n s i t y d i s t r i b u t i o n p r o f i l e s o f p e r i p h e r a l lymphocytes were made 
i n 41 u n t r e a t e d p a t i e n t s w i t h H o d g k i n ' s d i s e a s e and i n 14 normal 
c o n t r o l s . 
The fraction of lymphocytes with a low specific gravity in patients 
was significantly increased in comparison to normal controls 
(p = 0.0007). These low density lymphocytes in Hodgkin's disease 
3 
patients showed an elevated spontaneous Η-thymidine incorporation 
compared to normal 'controls (p = < 0,0001). In 78 per cent of the 
patients the spontaneous DNA synthesis of the low density lympho­
cytes was above the normal range. A positive correlation 
(p = 0.002) between the spontaneous Η-thymidine uptake and the 
stage of the disease was found. 
INTRODUCTION 
Human lymphocytes may transform in vitro to large lymphoblasts 
in the presence of a sensitizing antigen. Morphologically and 
metaboli cally similar cells are also observed in vivo in the 
peripheral blood during the course of viral infections and 
18 fi 
hypersensitivity reactions , after vaccination , prior to trans-
9 8 
plant rejections , in patients with malignancy and in autoimmune 
3 
disease . DNA-labeling studies have indicated that these circu­
lo 
lating atypical lymphocytes frequently are proliferating cells 
Such an increased spontaneous DNA synthesis, i.e. DNA synthesis 
by lymphocytes in vitro without addition of mitogens, is repeated-
4 11 ly found in Hodgkin's disease ' . This phenomenon, more common 
and pronounced in advanced disease with constitutional symptoms, 
seemed to be related to bad prognosis, but definitive correlation 
with staging could not be made ' 
13 20 As activated lymphocytes have a relatively low density ' , 
preselection on the basis of differences in specific gravity may 
facilitate the study of these cells. The aim of this study was 
to investigate whether there are deviations in the density distri­
bution profile of peripheral lymphocytes in Hodgkin's disease and 
3 
to evaluate the spontaneous Η-thymidine uptake by the low density 
lymphocytes in relation to staging. 
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PATIENTS AND METHODS 
Selection of patients 
Thirty-one consecutive newly diagnosed and untreated patients with 
Hodgkin's disease and ten patients with a relapse were included 
in this study. 
Patients with overt infections and questionable or positive sero­
logic tests for adenoviruses, cytomegalovirus, infectious mononu­
cleosis and toxoplasmosis were excluded. 
Clinical data are summarized in Table I. 
Table I. Patient population 
Age: mean 35, range 20 - 62 years 
Sex: male 26, female 15 
Histology: nodular sclerosis 29 
mixed cellularity 9 
lymphocyte predominance 2 
lymphocyte depletion 1 
Stage: clinical IA 2 
IB 0 
IIA 4 
IIB 0 
U I A 2 
H I B 5 
IVA 2 
IVB 4 
pathologi cal IA 0 
IB 1 
IIA 4 
IIB 3 
U I A 9 
H I B 2 
IVA 0 
IVB 3 
The relapsed patients, without any therapy for more than б months, 
had been treated previously with a combination of radiation and 
chemotherapy, except 3 patients who had been treated with irra­
diation only. This histological material was classified according 
to LUKES et a l . 1 4 
Staging procedures were carried out according to the criteria 
2 
recommended at the Ann Arbor Conference . 
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Six patients were not submitted to explorative laparotomy because 
of commitment to the EORTC trial. The controls were fourteen 
normal volunteers, 9 men and 5 women, with a mean age of 33 years, 
ranging from 22 to 50. 
Isolation and aulturing of lymphoaytes 
Lymphocytes were isolated from peripheral blood by a method 
described by DE PAUW et al. (1979). Briefly, monocytes and granu­
locytes were removed from defibrinated blood by nylonwool filtra­
tion at a constant 'flow rate. The filtrate was depleted of 
erythrocytes by density centri fugati on. By this technique an 
average lymphocyte purity of 96 per cent is achieved, whereas 
the contamination by monocytes varies from 0 to 1.6 per cent. 
For each individual test person a density distribution profile 
of the lymphocytes was made by means of a linear Fi col 1 -Isopaque 
gradient, ranging from 1.095 g/ml at the bottom to 1.055 g/ml at 
12 the top of the tube . The lymphocyte suspensi ons were layered on 
top of the gradients. Centri fugati on forced the lymphocytes to 
the place in the gradient corresponding with their own density. 
After centri fugati on samples of 2 ml were taken by pumping out 
the content of the tube. In each sample specific gravity and cell 
number were determined. After recovery from the linear gradient 
the lymphocytes were divided into 3 fractions, containing cells 
of different density. The first fraction comprised cells with a 
high density between 1.085 and 1.075 mg/1. The second, medium 
density fraction ranged from 1.075 to 1.067 g/ml, and the third, 
low density fraction contained lymphocytes with a specific gravi­
ty below 1.067 g/ml. 
Samples of each fraction and of the total lymphocyte population 
were taken to be cultured. The cell concentration of the various 
lymphocyte suspensions was adjusted to 3 χ 10 per ml by adding 
Tris-buffered Minimal Essential Medium, containing 20 per cent 
pooled human serum, and supplemented with penicillin (100 lU/ml) 
and streptomycin (100 yg/ml). Aliquots of 1 ml from each suspen­
sion were cultured without addition of any stimulant, after 
3 
adding 0.25 yCi Η-thymidine (specific activity 5 Ci/mmole) in 
0.1 ml culture medium. After 24 hours the cells were harvested 
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on m i l l i p o r e m i c r o f i b r e g l a s s f i 1 t e r s . The Η - t h y m i d i n e uptake i n 
counts per min (cpm) was measured w i t h a l i q u i d s c i n t i l l a t i o n 
c o u n t e r . A l l c u l t u r e s were c a r r i e d out i n t r i p l i c a t e under s t e r i l e 
condì t i ons . 
Stati-stias 
Wilcoxon's two sample test was used to compare the parameters of 
Hodgkin's disease with corresponding data of normal controls. The 
correlation of the spontaneous stimulation with the stage of the 
disease within the patient population was analyzed by Terpstra's 
trend t e s t 1 6 , 1 7 . 
RESULTS 
Lymphocyte density distribubion 
Patients with Hodgkin's disease had relatively more lymphocytes 
with a low specific gravity, i.e. between 1.055 and 1.065 g/ml) , 
in comparison to normal controls (see Table I I I ) . The mean 
percentage of low density cells in the patients and controls was 
13.4 and 7.5 per cent respectively. The mean of the peak position 
in the lymphocyte density distribution profile was 1.0698 g/ml 
in the patients and 1.0715 g/ml in the controls. Combination of 
both parameters indicates a shift of the lymphocyte population 
towards the lower density regions in patients with Hodgkin's 
disease. 
Spontaneous stimulation 
3 
The results of the spontaneous H-thymidine incorporation in the 
total lymphocyte populations and in the various density fractions 
are tabulated in Tabel II. 
The thymidine uptake by all lymphocyte subpopulations in patients 
with Hodgkin's disease appeared to be increased in comparison to 
the corresponding cells in normal controls. 
The most striking difference was found between the respective low 
density fractions. 
The spontaneous stimulation of the total lymphocyte populations 
was elevated in 13 per cent of the patients. 
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Table I I . Parameters o f the lymphocyte d e n s i t y d i s t r i b u t i o n p r o f i l e and the spontaneous 
Η - t h y m i d i n e i n c o r p o r a t i o n i n the v a r i o u s lymphocyte f r a c t i o n s i n p a t i e n t s 
and normal c o n t r o l s . 
P a t i e n t s C o n t r o l s p-va lue 
median mean range number median mean range number 
Гепегtu data 
Percentage of c e l l s between 
1.055 and 1.065 g/ml 12 
Peak posit ion (g/ml) 1.070 
ThfjTmdtne гкоогрогаЬгог· 
'arm/ 
13.4 
1.1698 
3-33 
1 067-1 .075 
40 
40 
5 
1.072 
7.5 
1.0715 
1-25 
1.069-1.073 
14 
14 
0.0007 
0.0004 
Total lymphocyte population 528 698 175-4255 30 315 349 120-480 13 0.0031 
High density lymphocytes 443 533 130-2690 40 258 256 85-370 14 0.0018 
Medium density lymphocytes 463 729 175-6810 40 265 261 105-405 14 0.0001 
Low density lymphocytes 940 1303 310-7930 41 440 426 195-580 14 < 0.0001 
Table I I I . Η-thymidine i n c o r p o r a t i o n i n the v a r i o u s lymphocyte f r a c t i o n s i n r e l a t i o n 
to the stage of Hodgkin 's d i s e a s e . 
Η-thymidine i n c o r p o r a t i o n i n cpm 
" o t a l lymphocyte High d e n s i t y Medium d e n s i t y Low d e n s i t y 
p o p u l a t i o n lymphocytes lymphocytes lymphocytes 
median mean range median mean range median mean range median mean range 
Stage I 415 423 335- 500 225 285 180- 450 330 367 300- 470 600 573 520- 600 
Stage I I 488 613 320-1425 305 388 130-1155 310 367 235- 715 700 722 325-1300 
Stage I I I 600 1349 175-4255 400 549 175-2690 465 869 175-6810 920 1324 310-7930 
Stage IV 675 664 250-1100 760 985 450-2320 1085 1027 425-1700 2550 2214 1000-3150 
From the h i g h d e n s i t y f r a c t i o n s o f the p a t i e n t s 55 per cent was 
i n c r e a s e d , f r o m the medium d e n s i t y 6 2 , and f r o m the low d e n s i t y 
78 per c e n t . 
No s i g n i f i c a n t i n f l u e n c e o f the presence o f s y s t e m i c symptoms on 
the spontaneous t r a n s f o r m a t i o n was o b s e r v e d , a l t h o u g h the uptake 
by the lymphocytes of symptomat ic p a t i e n t s tended t o be h i g h e r . 
42 
The median of the Η-thymidine incorporation in low density lym­
phocytes of patients with systemic symptoms was 994 cpm, ranging 
from 410 to 7930 cpm, and the median in patients without symptoms 
was 818 cpm, ranging from 310 to 1560 cpm (p = 0 . 1 1 ) . The 
p-values for the total lymphocyte populations and high and low 
density subsets were 0.49, 0.94 and 0.73 respectively. 
Influenae of the stage 
The impact of the stage on the examined parameters in Hodgkin's 
disease was analyzed. As is shown in Table III, a positive corre-
3 
lation between the magnitude of the spontaneous H-thymidine 
incorporation, the various lymphocyte fractions and progression 
of the disease was observed. 
3 
The p-values for correlation of the Η-thymidine uptake by high, 
medium, and low density lymphocytes with the stage of Hodgkin's 
disease were 0.003, 0.015 and 0.002, respectively. No correlation 
was found for the thymidine uptake by the total lymphocyte popu­
lation (p = 0.14) . 
DISCUSSION 
3 
Unstimulated Η-thymidine incorporation in human peripheral blood 
lymphocytes provides a good evaluation of the percentage of cells 
which are, at a given moment, in a state of in vivo Ы a s t o g e n e s i s . 
This so called spontaneous stimulation of the lymphocytes was 
investigated by several authors in patients with Hodgkin's disease. 
3 
The number of patients with an elevated Η-thymidine uptake by 
total lymphocyte populations varied from 27 per cent to 50 per 
cent . Utilizing autoradiographic techniques, CR0WTHER et al. 
showed that the cells actively engaged in DNA synthesis were large 
pyroninophyli с lymphocytes, which should have a relatively low 
13 density . Preselection on the basis of specific gravity revealed 
3 
an increased spontaneous Η-thymidine incorporation in low density 
lymphocytes in 32 out of 41 (78 per cent) patients with Hodgkin's 
disease. The uptake by the medium and high density lymphocytes 
was increased in 62 and 55 per cent of the patients, respectively. 
Study of the lymphocyte density distribution disclosed additional 
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evidence for the involvement of the low density lymphocytes in 
the spontaneous transformation. There appeared to be a shift of 
the lymphocyte population in patients with Hodgkin's disease 
towards the regions with low specific gravity. Up to now it 
3 
was not possible to correlate the level of spontaneous H-thymi-
4 
dine uptake with the stage of the disease , although there seemed 
to be a correlation with poor prognosis and the presence of con­
stitutional symptoms . In studying the low density lymphocytes 
we observed a significant positive correlation between the spon­
taneous DNA synthesis and the stage of the disease, which may 
account for the prognostic value of this phenomenon. Within the 
various staging groups, lymphocytes of patients with huge lymph 
3 
nodes tended to have a higher Η-thymidine uptake than cells of 
patients with moderate enlargement of the nodes. The level of 
spontaneous stimulation seemed to reflect the amount of tumour 
mass, which may explain the wide range of counts within each group. 
The origin of the spontaneous stimulation in Hodgkin's disease 
remains unknown. It is possible that these cells are malignant, 
but malignant cells are rarely present in blood, especially in 
localized disease. Concomitant subclinical infection seems 
unlikely in view of the data presented in this study. 
There was no overt infection in any of our patients, and the 
3 
magnitude of Η-thymidine uptake was related to the stage of the 
disease. The most attractive explanation of the increased DNA 
synthesis is that it concerns immunoreactive lymphoid cells, 
challenged in vivo by an unknown Hodgkin's disease related sti­
mulus. This conception is supported by the presence of similar 
spontaneously stimulated lymphocytes under conditions of known 
antigenic stimulation, as mentioned in the introduction. 
15 MATCHETT et al. showed a reciprocal relationship between spon-
3 
taneous Η-thymidine uptake and impairment of phytohaemagglutinin 
induced lymphocyte transformation. Although both phenomona are 
associated with poor prognosis , this may be α consequence rather 
than a cause of a detrimental course of the disease. 
Finally it may be stated that preselection on the basis of speci­
fic gravity offers a more sensitive criterium for the presence of 
spontaneously stimulated lymphocytes in Hodgkin's disease, 
44 
resulting in the possibility to make a correlation between the 
3 
spontaneous Η-thymidine uptake and the stage of the disease. 
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Spontaneous transformation of low density lymphocytes as parameter 
of activity in Hodgkin's disease 
B.E. de Pauw, P.H.M, de Mulder, J .В.J .M.Smeulders , D.J.Th.Wagener 
and C.Haanen 
This chapter has been submitted to the "Scand. Journal of 
Haematology" 
48 
SUMMARY 
Analysis of spontaneous lymphocyte transformation, as measured by 
H-th.ymi di ne incorporation by low density lymphocytes, before and 
after therapy was performed in 28 patients with Hodgkin's disease. 
3 
Before treatment increased Η-thymidine uptake was found in 24 
out of 28 patients. Following therapy the spontaneous lymphocyte 
transformation of the patients in clinical remission returned to 
the normal range, whereas none of the patients with residual 
disease achieved these levels. The overall correlation between 
the uptake of the DNA precursor by low density lymphocytes and 
disease activity after treatment was excellent. 
INTRODUCTION 
Circulating lymphocytes from patients with Hodgkin's disease show 
increased spontaneous transformation in comparison to normal 
4 11 
controls * . Preselection of lymphocytes on the basis of specific 
gravity offers enrichment of these spontaneously DNA synthesizing 
cells within the low density region. After this enrichment it was 
possible to correlate the level of spontaneous lymphocyte trans­
formation to the extent of Hodgkin's disease . 
Therefore, useful information in monitoring disease activity could 
3 
derive from serial measurements of spontaneous Η-thymidine incor­
poration. It might provide data different from but additional to 
that of conventional procedures. 
In the present study we report the changes observed in spontaneous 
low density lymphocyte transformation before and after therapy in 
a group of patients with Hodgkin's disease. A correlation of the 
3 
results of spontaneous H-thymidine incorporation measurements 
with the presence of residual disease was demonstrated. 
PATIENTS AND METHODS 
Selection of patients 
The spontaneous lymphocyte transformation assay was performed in 
the laboratory and clinical follow-up in 20 consecutive newly 
49 
diagnosed and untreated patients with biopsy proven Hodgkin's 
disease and 8 patients in a relapse. The studies were conducted 
prior to treatment and б weeks after cessation of therapy. 
Patients with overt infection or questionable serologic tests for 
adenoviruses, cytomegalovirus, infectious mononucleosis, and 
toxoplasmosis were excluded (3 cases) . The histologic material 
g 
was classified according to LUKES et al. (Department of Pathology, 
University of Nijmegen, Prof.G.Ρ.Vooys); staging procedures were 
carried out according to the criteria recommended at the Ann Arbor 
3 
Conference . 
Four patients did not undergo explorative laparotomy because of 
commitment to the EORTC-trial. The patients were treated with 
multiple drug chemotherapy, radiation therapy, or a combination 
of both. Clinical data are summarized in Table I. 
A complete remission was defined as the disappearance of all symp­
toms, and the return to normal of the physical examination, 
performance state, laboratory and roentgenograph!с studies. 
An ESR in the first hour of less than 30 mm was considered to be 
normal. Patients with only sclerotic signs in the bone after 
treatment of bone lesions were judged as being in remission. 
Normal values were established in a group of 14 healthy volun­
teers of similar age and sex distribution; tests were performed 
during the same time period as the patient studies. 
Isolation and oulturing of lymphocy tes 
Lymphocytes were isolated from peripheral blood by a method 
5 
described by DE PAUW et al. . Briefly, monocytes and granulocytes 
were removed from defibrinated blood by nylonwool filtration at 
a constant flow rate. The filtrate was depleted of erythrocytes 
by density centri fugati on. By this technique an average lymphocyte 
purity of 96 % is achieved, whereas the contamination by monocytes 
varies from 0 to 1.6 %. The lymphocyte suspension was divided into 
a fraction with a relatively low and a fraction with a relatively 
high density by means of a Fi col 1-Isopaque discontinuous gradient 
with a specific gravity of 1.068 g/ml. After centri fugati on at 
1000 g for 20 min at 4 0C the interphase, containing the low den­
sity lymphocytes, was collected and washed with Tris-buffered 
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minimal e s s e n t i a l medium a t 600 g f o r 20 min a t room t e m p e r a t u r e . 
The c e l l c o n c e n t r a t i o n o f the low d e n s i t y lymphocyte s u s p e n s i o n 
5 
was a d j u s t e d t o 3 χ 10 per ml by adding T r i s - b u f f e r e d min imal 
e s s e n t i a l medium, c o n t a i n i n g 20 % p o o l e d human serum and s u p p l e ­
mented w i t h p e n i c i l l i n (100 l U / m l ) and s t r e p t o m y c i n (100 y g / m l ) . 
A l i q u o t s o f 1 ml were c u l t u r e d w i t h o u t a d d i t i o n of any s t i m u l a n t , 
3 
a f t e r a d d i n g 0.25 y d ' Η - t h y m i d i n e ( s p e c i f i c a c t i v i t y 5 Ci/mmole) 
i n 0 . 1 ml c u l t u r e medium. A f t e r 24 hours the c e l l s were h a r v e s t e d 
3 
on m i l l i p o r e m i c r o f i b r e g l a s s f i 1 t e r s . The Η - t h y m i d i n e uptake i n 
counts per min (cpm) was measured w i t h a l i q u i d s c i n t i l l a t i o n 
c o u n t e r . A l l c u l t u r e s were c a r r i e d out i n t r i p l i c a t e under s t e r i l e 
c o n d i t i o n s . 
Statisties 
Statistical analysis was performed using the Mann-Whitney U-test 
RESULTS 
Table I summarizes the data on age and sex of the patients, stage 
3 
and histology of the disease, spontaneous Η-thymidine incorpo­
ration by low density lymphocytes together with the type of res­
ponse to treatment. The median age was 34 years with a range from 
21 to 63 years. The group comprised 11 females and 17 males. 
There were 20 patients with nodular sclerosing, 7 with mixed 
cellular and one with lymphocyte predominant histological type. 
3 
The median of Η-thymidine incorporation by low density lympho­
cytes of normal controls was 440 cpm, ranging from 195 to 580 
cpm (n = 14). 
Low density lymphocytes from the patients before therapy demon­
strated a significant increase in spontaneous transformation 
(median 1040, range 325-7930 cpm) when compared to corresponding 
cells of normal subjects (p < 0.001). Among the 28 untreated 
patients 24 had elevated values, resulting in a correct indica­
tion of disease activity of 86 %. 
After completion of treatment, the level of spontaneous lympho­
cyte transformation was divided into two distinct groups. 
3 
In 16 patients spontaneous Η-thymidine incorporation returned 51 
Table 
Subject Sex Age 
I C l i n i c a l data and h - t h y m d i n e i n c o r p o r a t i o n by Ί ο * d e n s i t y 
ly-mhocytes becere and a f t e r t r e a t n e n t 
Stage H i s t o l o g y Therapy H-thymidine i n c o r p o r a t i o n in 
counts per min in low d e n s i t y 
lymphocytes 
Residual 
di sease 
before treatment after treatment 
12 
13 
1? 
18 
19 
Z2 
23 
24 
25 
22 
38 
22 
40 
24 
25 
41 
42 
22 
23 
27 
46 
47 
49 
24 
26 
43 
63 
41 
40 
23 
21 
33 
34 
26 
30 
20 
S3 
»SIA 
CSIA 
P S M A 
PS1 1A 
CSI[A (R) 
PSIIB 
PSIIB 
PSI IB 
PSI IIA 
PS! IIA 
»SI l'A 
PS : ι A 
PS I.A 
CS.I'A 
:s i.в 
C S : I . B 
csivn 
PSII IB 
CSIVA (R) 
CSIVA 
psiiA (R; 
PSIIIA 
PS!IIA (R) 
CSIVB 
C S U B (R) 
CSIVB 
CSIVB (R) 
CSIVB 
:R) 
N5 
4S 
-.5 
NS 
MC 
NS 
NS 
NS 
LP 
NS 
NS 
NS 
NS 
ЧС 
NS 
ЧС 
MC 
NS 
NS 
MC 
NS 
NS 
MC 
NS 
NS 
MC 
115 
NS 
RT 
RT 
RT 
RT 
RT»CT 
RT*cr 
RT»CT 
RT»CT 
RT 
RT»CT 
RT»CT 
RT 
R T T C T 
CT 
CTíRT 
CT 
CT 
CT 
CT 
CT-»RT 
RT 
CTtRT 
C* 
C T 
C" 
C T 
CT 
CT*RT 
60C 
60C 
48C 
650 
325 
1235 
700 
1300 
720 
1560 
8 5 0 
325 
900 
325 
7 9 3 0 
1430 
1010 
700 
1000 
1070 
1425 
1335 
1480 
1250 
2600 
3055 
2320 
2550 
345 
275 
190 
345 
2 30 
330 
465 
400 
465 
220 
350 
505 
370 
415 
440 
350 
250 
565 
290 
380 
1000 
800 
755 
1090 
1290 
885 
765 
1150 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o i r p l e t e 
c o i r o l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
c o m p l e t e 
m e d i a s t i r 
medi a s t i r 
medi a s t i r 
b o n e m a n 
b o n e m a n 
bone m a n 
1 ung 
b o n e 
r e m i s s ι on 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i ss i o n 
r e m i S S i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m i s s i o n 
r e m s s i o n 
r e m i s s i o n 
r e n i s s i o n 
r e m i s s i o n 
N o r m a l c o n t r o l s ¡ n - 1 4 ) m e d i a n 4 4 0 , r a n g e 1 9 5 - 5 8 0 
F - f e m a l e PS = p a t h o l o g i c a l s t a g e L P » l y m p h o c y t e p r e d o n r n a n c e RT = r a d i o t h e r a p y R = r e l a p s e 
M = m a l e CS - c l i n i c a l s t a g e N S = n o d u l a r s c l e r o s i s CT - c h e m o t h e r a p y 
M С = m i x e d c e l l u l a r i t y 
to the normal range and all these patients went into complete 
remission. Four other patients who showed a initial normal DNA-
synthesis remained normal and all achieved complete remission. 
Comparison between the values before and after therapy for the 
group of responders showed that the Η-thymidine uptake (median 
360 cpm; range 190-565) after completion of treatment was signi­
ficantly reduced (p < 0.001) and not different from normal 
subjects. In contrast, Η-thymidine uptake by lymphocytes of 
patients with residual disease fell to approximately 50 % of the 
original values (mean 943 cpm; range 755-1290 cpm) without 
returning to the level of normal controls. Combining these data 
indicates a positive correlation between increased spontaneous 
transformation of low density lymphocytes and disease activity 
after treatment in all cases studied. 
DISCUSSION 
Patients with untreated Hodgkin's disease commonly appear to have 
impaired cellular immunity ' . These abnormalities include in­
creased spontaneous DNA synthesis by lymphocytes in peripheral 
52 
blood ' . Improvement of immunological parameters among patients 
in remission has been described . In the present study analysis 
of spontaneous lymphocyte transformation before and after treat-
ment provides relevant information regarding the interrelation-
ship between this phenomenon and Hodgkin's disease activity. 
Positive indication of disease activity during the pretreatment 
period was 80 %, which is comparable to non-specific procedures 
2 12 like ESR, fibrinogen, complement and serum copper levels ' 
Following treatment spontaneous DNA synthesis was at normal 
levels among all patients in clinical remission. Patients with 
uncontrolled disease showed reduction, but did not return to 
normal levels. Therefore, the correlation between spontaneous 
lymphocyte transformation and achievement of complete remission 
was 100 %. As patients with active disease, as demonstrated in 
four patients from this study and in earlier observations , may 
have a normal spontaneous lymphocyte transformation, this high 
correlation rate may be due to the limited number of patients 
which failed to respond to therapy. Nevertheless, it is obvious 
3 
that serial measurements of spontaneous H-thymidine uptake by 
peripheral blood lymphocytes provide information different from 
but complementary to analysis of conventional parameters. 
Spontaneously transformed lymphocytes can also be seen under 
circumstances of known antigenic challenge such as infections . 
So, conditions known to cause increased DNA synthesis by lympho-
cytes must be excluded in studying this phenomenon in Hodgkin's 
disease. 
The spontaneous lymphocyte transformation recedes when remission is 
induced, indicating an unexplained accompaniment of Hodgkin's 
disease rather than a primary factor in its cause. This conception 
is consistent with observations in infectious disease, as typical 
lymphocytes abate with removal of the foreign antigen. 
As demonstration of residual disease following initial therapy is 
an indication to pursue further treatment according to individual 
needs, accurate documentation of remission is important. 
3 
Regular assessment of spontaneous lymphocyte H-thymidine incor-
poration may contribute to this as a valuable and additional 
marker of disease activity. 
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SUMMARY 
After preselection on the basis of specific gravity, peripheral 
blood lymphocytes from ten patients with Hodgkin's disease were 
separated into an E, an EAC and a non-E/non-EAC subpopulation 
by rosette sedimentation techniques. The spontaneous DNA syn-
3 
thesis of these subsets was quantified by Η-thymidine incor­
poration, measured by scintillation counting. The highest spon­
taneous proliferation was found in the non-E/non-EAC subgroup in 
comparison to the E (p < 0.01) and the EAC subpopulation (ρ < 0.001) 
INTRODUCTION 
Antigenic and mitogenic stimulation of human lymphocytes in vitro 
causes cell proliferation detectable as DNA synthesis by means of 
3 3 
Η-thymidine incorporation. With this technique, CR0WTHER et al. 
demonstrated the presence of activated lymphocytes in the peri­
pheral blood of patients with Hodgkin's disease. At the time of 
their study techniques of identifying human В and Τ cells were 
not yet available. HUBER et al. autoradiographically showed that 
the proliferating cells were preferentially Τ lymphocytes, although 
3 
they also found an augmented Η-thymidine uptake by the non-T 
cells of patients with Hodgkin's disease in comparison to normal 
control s. 
In the p r e s e n t s t u d y we examined i n H o d g k i n ' s d i s e a s e p a t i e n t s 
the DNA s y n t h e s i s i n the v a r i o u s lymphocyte s u b s e t s d u r i n g s h o r t 
t e r m u n s t i m u l a t e d c u l t u r e s . DNA s y n t h e s i s was q u a n t i t a t e d by 
3 
Η - t h y m i d i n e i n c o r p o r a t i o n , measured by l i q u i d s c i n t i l l a t i o n 
c o u n t i n g . As the m a j o r i t y o f s p o n t a n e o u s l y s t i m u l a t e d b l o o d 
lymphocytes ha ve a r e l a t i v e l y low s p e c i f i c g r a v i t y e n r i c h m e n t 
o f low d e n s i t y lymphocytes was o b t a i n e d by g r a d i e n t c e n t r i f u g a t i o n 
b e f o r e lymphocytes were s e p a r a t e d by r o s e t t e s e d i m e n t a t i o n . 
PATIENTS AND METHODS 
Patients 
Ten consecutive newly diagnosed and untreated patients with 
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Hodgkin's disease were included in this study. 
There were no signs of overt infection at the time of investiga­
tion. Clinical data are summarized in Table I. The histological 
12 
material was classified as described by LUKES et al. .Staging 
procedures were carried out according to the criteria recommended 
at the Ann Arbor Conference . 
Isolation and culturing of lymphocytes 
Lymphocytes were isolated from peripheral blood by a method 
5 
described earlier . Briefly, monocytes and granulocytes were 
removed from defibrinated blood by nylon wool filtration at a 
constant flow rate of 1.4 ml/min. The filtrate was depleted of 
erythrocytes by density centri fugati on. By this technique an 
average lymphocyte purity of 96 per cent is achieved, whereas the 
contamination by monocytes varies from 0 to 1.6 per cent. The 
obtained lymphocyte suspension was divided into fractions with a 
relatively low and a relatively high density by means of a Ficoll 
(molecular weight 400.000; Sigma Chemical Company, St.Louis, 
U.S.A.) Isopaque (440: Nyegaard and Co. A.S., Oslo, Norway) dis­
continuous gradient with a specific gravity of 1.068 g/ml. After 
centri fugation at 1000 g for 20 min at 4 С the interphase, con­
taining the low density lymphocytes, was collected and washed with 
Tris-buffered minimal essential medium (M.E.M.; Gibco, Grand 
Island Biological Company, Grand Island, New York, U.S.A.) at 
600 g for 20 min at room temperature. After determining the per­
centage of sheep red blood cells (SRBC) rosette forming lympho­
cytes (Ε-cells), these low density lymphocytes were distributed 
13 Into an E and a non-Ε population according to PELLEGRINO et al . 
The non-E lymphocytes, after washing with Tris buffered MEM 
incubated with SRBC coated with antibody-complement complexes 
(EAC-cells), as reported by BIANCO et a l . 1 . 
This suspension was gently resuspended, layered over Ficoll-
Isopaque and spun at 1000 σ for 30 min at room temperature. 
The non-EAC-rosetting lymphocytes were recovered from the inter­
phase and the EAC-rosetting cells from the pellet. After washing 
with Tris-buffered MEM, the E, EAC and non-E/non-EAC suspensions 
were incubated for 30 min at 37 0C with autologous complement in 
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o r d e r t o l y z e the SRBC. 
A f t e r w a r d s the v a r i o u s lymphocyte suspens ions were washed w i t h 
T r i s - b u f f e r e d MEM. The c e l l c o n c e n t r a t i o n s were a d j u s t e d t o 
5 
3 χ 10 per ml by a d d i n g T r i s - b u f f e r e d MEM c o n t a i n i n g 20 per 
c e n t i n a c t i v a t e d p o o l e d human serum, and supplemented w i t h p e n i ­
c i l l i n (100 l U / m l ) and s t r e p t o m y c i n (100 y g / m l ) . A l i q u o t s o f 1 ml 
f r o m each s u s p e n s i o n were c u l t u r e d w i t h o u t a d d i t i o n of any s t i m u -
3 
l a n t , a f t e r adding 0.25 yCi Η - t h y m i d i n e ( R a d i o c h e m i c a l C e n t r e , 
Amersham, E n g l a n d ; s p e c i f i c g r a v i t y 5 C i / m m o l e ) i n 0 . 1 ml MEM. 
A f t e r 24 hrs the c e l l s were h a r v e s t e d on m i l l i p o r e m i c r o f i b r e 
3 
g l a s s f i 1 t e r s . The Η - t h y m i d i n e uptake was measured i n c o u n t s per 
min (cpm) w i t h a l i q u i d s c i n t i l l a t i o n c o u n t e r . A l l c u l t u r e s were 
c a r r i e d o u t i n t r i p l i c a t e under s t e r i l e c o n d i t i o n s . 
Oeteation of surface гттиподЪоЪиІгп 
The presence o f s u r f a c e i m m u n o g l o b u l i n s on t h e non-E/non-EAC 
15 lymphocytes was e v a l u a t e d a c c o r d i n g t o van 0ERS e t a l . 
Statistias 
3 
The r e s u l t s o f the Η - t h y m i d i n e i n c o r p o r a t i o n s t u d i e s were com­
p a r e d by means o f W i l c o x o n ' s Sign Rank T e s t . 
RESULTS 
3 
The r e s u l t s o f the spontaneous Η - t h y m i d i n e i n c o r p o r a t i o n i n t o 
v a r i o u s low d e n s i t y lymphocyte s u b p o p u l a t i o n s are shown i n 
Table I . 
Uptake by the non-E/non-EAC-cel1 s (mean 9 4 0 , range 350-3200 cpm) 
was s i g n i f i c a n t l y h i g h e r than the uptake by the Ε - c e l l s (mean 
4 3 7 , range 240-880 cpm; ρ < 0.01) and the uptake by the EAC-
lymphocytes (mean 2 1 0 , range 120-390 cpm; ρ < 0 . 0 0 1 ) . 
F u r t h e r m o r e , the va lues measured i n t h e Ε - c e l l s were h i g h e r than 
i n the EAC-cel ls (p < 0 . 0 0 1 ) . 
The mean p e r c e n t a g e of the low d e n s i t y l y m p h o c y t e s f o r m i n g E-
r o s e t t e s was 57 per cent ( range 3 2 - 7 6 ; η = 1 0 ) . A f t e r E - r o s e t t e 
s e d i m e n t a t i o n more than 95 per cent E - r o s e t t e p o s i t i v e lympho­
c y t e s were f o u n d i n the p e l l e t , whereas the i n t e r p h a s e c o n t a i n e d 
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Table I. Some clinical data of the patients and spontaneous H-thymidine 
incorporation into the various low density lymphocyte subpopulations 
Subject Sex Age Histology Stage 
Η-thymidine incorporation (cpm) 
unseparated E cells EAC cells non-E/non-EAC cells 
lymphocytes 
1. 
2. 
3. 
4 
5. 
6 
7. 
8 
9. 
10. 
M 
F 
M 
M 
F 
F 
F 
M 
M 
M 
3B 
43 
25 
27 
22 
19 
22 
57 
18 
40 
N.S. 
N.S. 
N S. 
M С 
N.S. 
N.S. 
L.P. 
M.С 
N S. 
H.С 
PS 
es 
PS 
es 
PS 
PS 
PS 
es 
es 
es 
IIIA 
HIB 
IIA 
IVB 
IA 
IA 
UIA 
IVA 
IVB 
IVA 
300 
2250 
1030 
755 
615 
555 
350 
630 
515 
415 
320 
240 
455 
630 
275 
320 
445 
880 
435 
370 
130 
145 
225 
390 
205 
100 
120 
235 
230 
225 
610 
3200 
1155 
625 
405 
350 
585 
885 
loco 
580 
Ч = male 
F = female 
N.S.· nodular sclerosis 
M.C.· mixed c e l l u l a n t y 
L.P.: lymphocyte predominance 
P.S. pathological stage 
C.S. . ci ini cal stage 
less than 1 per cent Ε-rosette positive cells (n = 6 ) . The mean 
percentage of the non-Ε-lymphocytes forming EAC-rosettes was 65 
per cent (range 40-80; η = 10). Centri fugati on after EAC-rosette 
formation revealed more than 90 per cent EAC positive lymphocytes 
in the pellet, and less than 3 per cent in the interphase (n = 6) 
among the non-E/non-EAC-lymphocytes. 
The presence of surface immunoglobulin was evaluated in six 
experiments. We detected an average of 3.5 per cent positive 
cells (range 1-7) in the non-E/non-EAC subpopulation. 
DISCUSSION 
Increased spontaneous DNA synthesis by lymphocytes in patients 
with Hodgkin's disease is well documented ' . 
The results of the present study show preferential proliferation 
of surface immunoglobulin negative non-E/non-EAC-lymphocytes in 
comparison to the E and EAC subpopulations. The non-E/non-EAC 
subpopulation is the least defined amongst the various lymphocyte 
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subgroups. It probably comprises functionally distinct cell 
t y p e s 9 ' 1 4 . 
HUBER et al. found that the major fraction of DNA synthesizing 
blood lymphocytes belonged to the Ε-cell series in comparing E-
with non-Ε lymphocytes. They used autoradiography and did not 
discriminate between high and low density lymphocytes or between 
EAC and non-E/non-EAC cells. So, it is possible that the activity 
of the non-E/non-EAC was concealed by a majority of inactive EAC-
lymphocytes present in the same non-Ε cell subset. 
Q 
EHRNST et al. observed an increasing number of non-E/non-EAC-
lymphocytes during the peak of DNA synthesizing activity after 
vaccination against yellow fever, floreover, they found the 
3 
highest values of Η-thymidine incorporation within the non-E/ 
non-EAC population. In contrast, the basic spontaneous blasto-
genesis of peripheral lymphocytes in normal subjects seems to be 
4 
located in the E-cells . 
Whereas spontaneous DNA synthesizing lymphocytes in Hodgkin's 
disease as well as after vaccination preferentially are non-E/ 
non-EAC-eel 1 s, it is tempting to assume an analogous origin and 
activation. Our findings and those of HUBER et al. may point 
to a multicellular involvement in the spontaneous lymphocyte 
transformation in Hodgkin's disease. 
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SUMMARY 
In o r d e r t o s t u d y the n a t u r e o f the s p o n t a n e o u s l y s t i m u l a t e d c e l l s 
i n H o d g k i n ' s d i s e a s e lymphocytes f rom 10 H o d g k i n ' s p a t i e n t s and 
10 normal c o n t r o l s were s e p a r a t e d i n t o a low and a h i g h d e n s i t y f r a c ­
t i o n . Both f r a c t i o n s were s u b d i v i d e d i n t o a Τ and non-T c e l l 
p o p u l a t i o n v i a r o s e t t e s e d i m e n t a t i o n . In H o d g k i n ' s d i s e a s e non-T 
c e l l s w i t h a h i g h d e n s i t y showed a s i g n i f i c a n t l y i n c r e a s e d s p o n ­
taneous t h y m i d i n e i n c o r p o r a t i o n (mean 5677 cpm; range 405-26490 
cpm) compared t o c o r r e s p o n d i n g c e l l s f r o m normal c o n t r o l s (mean 
484 cpm; range 235-850 cpm) and u n s e p a r a t e d h i g h d e n s i t y lympho­
c y t e s i n H o d g k i n ' s d i s e a s e . 
Evidence i s p r e s e n t e d t h a t i n H o d g k i n ' s d i s e a s e the h i g h d e n s i t y 
l y m p h o c y t e f r a c t i o n compr ises non-T c e l l s w i t h an a p p a r e n t p o t e n c y 
f o r DNA s y n t h e s i s which i s , however, i n h i b i t e d by Τ c e l l s p r e s e n t 
i n the same h i g h d e n s i t y f r a c t i o n . 
INTRODUCTION 
I n c r e a s e d t h y m i d i n e i n c o r p o r a t i o n i n t o lymphocytes i n H o d g k i n ' s 
1 3 7 12 
d i s e a s e i s w e l l documented * ' ' . I n o r d e r t o o b t a i n a p o p u l a ­
t i o n e n r i c h e d w i t h these c e l l s , lymphocytes were s e p a r a t e d i n t o 
f r a c t i o n s w i t h h i g h and low d e n s i t y on the b a s i s o f i s o p y c n i c 
c e n t r i f u g a t i o n . These r e s p e c t i v e f r a c t i o n s were f u r t h e r d i v i d e d 
i n t o Τ and non-T c e l l s v i a r o s e t t e s e d i m e n t a t i o n . Under normal 
c i r c u m s t a n c e s DNA s y n t h e s i z i n g c e l l s have a low d e n s i t y 
U n e x p e c t e d l y i n the h i g h d e n s i t y f r a c t i o n a c o n s i d e r a b l y i n c r e a s e d 
spontaneous t h y m i d i n e i n c o r p o r a t i o n was found a f t e r removal o f 
Τ c e l l s . In t h i s paper the spontaneous t h y m i d i n e uptake by the 
d i f f e r e n t c e l l p o p u l a t i o n s i n H o d g k i n ' s d i s e a s e and i n normal 
c o n t r o l s i s r e p o r t e d . 
PATIENTS AND METHODS 
Patients 
Eight consecutively newly diagnosed and untreated patients with 
Hodgkin's disease, and two patients with a relapse who had no 
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therapy for more than 9 months, were studied. Clinical data are 
summarized in Table I. Patient number 1 had previously been treated 
with radiotherapy and multiple chemotherapy, and patient number 2 
with mantle field irradiation. The mean age of the patients was 
32 years (range 21-53). Staging procedures were carried out accor-
2 
ding to the criteria of the Ann Arbor Conference . The controls 
were 10 healthy volunteers with a mean age of 32 years (range 
25-41) . 
Isolation and aulturing of lymphocytes 
Monocytes and g r a n u l o c y t e s were removed from d e f i b r i n a t e d venous 
b l o o d by f i l t r a t i o n over n y l o n wool a t a c o n s t a n t f l o w r a t e o f 
1.4 ml per m i n . The e f f l u e n t was d i l u t e d w i t h T r i s - b u f f e r e d 
Minimal E s s e n t i a l Medium (MEM-Tris) and l a y e r e d on t o p o f F i c o l l -
3 
Isopaque ( s p e c i f i c g r a v i t y 1.085 g/cm ) and spun a t 1000 g f o r 
20 min a t room t e m p e r a t u r e . The i n t e r p h a s e was c o l l e c t e d and 
washed w i t h MEM-Tris. For each i n d i v i d u a l t e s t person a d e n s i t y 
d i s t r i b u t i o n p r o f i l e o f t h e lymphocytes was made by means o f a 
l i n e a r Fi c o l 1 - Isopaque g r a d i e n t . On the b a s i s o f the r e s u l t s 
of t h i s e x p e r i m e n t an i n d i v i d u a l l y v a r y i n g d i s c o n t i n u o u s g r a d i e n t 
o f F i c o l 1 - I s o p a q u e was p r e p a r e d on t h e next day. For t h i s d i s ­
c o n t i n u o u s g r a d i e n t a d e n s i t y was chosen by which the lymphocytes 
were d i v i d e d i n t o a f r a c t i o n w i t h a r e l a t i v e l y low g r a v i t y 
(LG 
unsepara 
. . ) , containing approximately 30 t of the cells, and 
into a fraction with a rather high gravity ( H G
u n
cpnarated^ ' c o n " 
taining approximately 70 % of the cells from the total lymphocyte 
population. 
After determining the percentage of Ε-rosette forming cells both 
13 fractions were divided into a Τ and a non-T subpopulation 
The sheep erythrocytes were lyzed by complement from the test 
person. The concentration of the various lymphocyte suspensions 
5 
was adjusted to 3 χ 10 cells per ml by adding MEM-Tris containing 
20 % pooled human serum and supplemented with penicillin 
(100 lU/ml) and streptomycin (100 ¿g/ml). Samples of 1 ml from 
each of the six suspensions ( L G u n s e p a r a t e d ; LG T; L G n o n _ T ; 
HG ,. .; HG T; HG „ -,-) were cultured without any stimulant unseparated Τ non-T' J 
for 24 hours, after adding 0.25 uCi tritiated thymidine (specific 
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lig. 1. Dis tril ліго profile of a nopnal lympho'iy te population 
(spécifia gravity in ng/om") 
percentage of lymphocytes 
30-1 
20· 
10 
1085 1075 1065 1055 
specific gravity 
a c t i v i t y 5 Ci per mmole). The c e l l s were ha rves ted on m i l l i p o r e 
3 
m i c r o f i b r e g l a s s f i 1 t e r s . The H- thymid ine uptake i n counts per 
min (cpm) was measured w i t h a l i q u i d s c i n t i l l a t i o n c o u n t e r . A l l 
4 
c u l t u r e s were c a r r i e d out i n t r i p l i c a t e . D i f f e r e n t i a l counts 
o f the f i n a l c u l t u r e suspensions were made by c o u n t i n g 200 c e l l s 
a f t e r c y t o s p i n c e n t r i f u g a t i o n . 
RESULTS 
Recovery of the lymphocytes from the nylon wool filtration 
amounted to 93 + 6 per cent (n = 19) reaching a mean purity of 
96 per cent (range 92-99; η = 19). No differences in В and Τ 
cell ratio were found before and after the filtration step 
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T a b l e I C l i n i c a l c h a r a c t e r i s t i c s o f p a t i e n t s and c o n t r o ' s , d a t a c o r c e r n m g t h e l y n p h o c y t e 
d e n s i t y d i s t r i b u t i o n p r o f l e , and s p e c ' f ι с g r a v i t y o f d i s c o n t i n u o u s g r a d i e n t 
S u b j e c t Sex Age H i s t o l o g y S t a g e Peak p o s i t i o n P e r c e n t a g e o f S n e c i f i c c a v i t y o f 
i n q/ттпЗ c e l l s b e t w e e n t h e d i s c o n t i n u o u s 
1 055 and 1 07L g r a d i e n t η д/гопЗ 
д / с т З 
1 
2 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
ZT 
II 
F -
NS 
MC 
HD 
male 
female 
= nodul 
- mixed 
= Hodgk 
M 
M 
M 
и 
F 
M 
H 
M 
F 
H 
F 
M 
M 
^ M 
M 
M 
F 
M 
M 
ar 
ce 
in' 
se 
11 
s 
26 
31 
53 
40 
43 
26 
34 
24 
21 
26 
27 
28 
34 
33 
41 
27 
30 
25 
42 
32 
1 erosi s 
u l a n ty 
disease 
NS 
NS 
45 
HC 
MC 
NS 
NS 
SS 
NS 
US 
control 
control 
control 
control 
control 
control 
control 
control 
control 
control 
ІЮ-ІЧІ (Ri 
HO-IIA (R) 
HO-IVB 
H O - U B 
HO-IVB 
HD-;VB 
h D - W A 
hD-II IB 
ив-: HA 
НП-ІІ0 
1 175 
1 169 
1 070 
1 068 
1 069 
1 068 
1 070 
1
 069 
1 0'1 
1 069 
1 073 
1 072 
1 071 
1 T73 
1 073 
1 072 
1 069 
1 072 
1 071 
1 073 
8 
17 
10 
19 
14 
ia 
9 
.1 
.3 
16 
5 
5 
8 
1 
4 
4 
25 
4 
4 
6 
1 070 
ι P6S 
ι пев 
1 066 
1 064 
1 06 7 
1 068 
1 06 8 
. C69 
1 068 
1 070 
1 069 
1 069 
1 070 
1 069 
1 070 
1 066 
1 07Г 
1 Г69 
1 072 
(n = 19). The recovery of lymphocytes from the whole isolation 
procedure was 75 + 15 per cent (n = 19). The lymphocyte density 
distribution profile (see Figure 1) of the patients disclosed a 
moderate shift to the lower density regions, as is demonstrated 
in Table 1. The mean of the peak positions in the patients was 
3 3 
1.0698 g/mm and in the controls 1.0718 g/cm . The mean of the 
3 
percentages of cells between 1.055 and 1.065 g/cm appeared to 
be 13.5 and 6.6 per cent, respectively. As a consequence of this 
shift, the division point between low and high gravity was 
3 
slightly lower in the patients (mean 1.068 g/cm ) compared to 
3 
the controls (mean 1.0694 g/cm ). Eventually contamination mono­
cytes in the final culture suspensions could be located in the 
low density non-T cell population. 
The Η-thymidine uptake during a 24 hours unstimulated culture 
tended to be increased in the low density lymphocyte subclasses 
of the patients in comparison to corresponding cells of the 
normal controls, without reaching statistical sigm'ficancy 
(see Table II). Furthermore no significant difference was found 
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Table II. Incorporation of Η-thymidine in the low density 
lymphocyte fractions. 
S u b j e c t Η - t h y m i d i n e i n c o r p o r a t i o n i n cpm 
LG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
u n s e p a r a t e d LÏÏ: LÏÏ non i 
2800 
590 
2550 
2500 
1010 
520 
1000 
7930 
1700 
400 
300 
600 
240 
465 
2075 
2100 
345 
370 
290 
600 
1145 
610 
3710 
2500 
240 
900 
650 
2140 
900 
315 
350 
200 
300 
425 
395 
1325 
250 
310 
240 
290 
1560 
530 
700 
750 
1580 
170 
1200 
2960 
850 
500 
650 
475 
705 
405 
980 
2490 
525 
290 
425 
880 
LG = low g r a v i t y 
cpm: c o u n t s p e r m i n . 
between Hodgk in ' s d isease p a t i e n t s and normal c o n t r o l s , as f a r 
as two lymphocyte subc lasses w i t h a h igh d e n s i t y HG . , : 
r
 э j u n s e p a r a t e d ' 
HGT were c o n c e r n e d . However, as i s shown i n Table I I , t h e r e was 3 
a s i g n i f i c a n t l y h i g h e r Η - t h y m i d i n e uptake by the HG
 T l ym­
p h o c y t e s i n H o d g k i n ' s d i s e a s e compared t o t h e c o r r e s p o n d i n g 
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Table L ' I . I n c o r p o r a t i o n of H-thynrdine i n the h igh d e n s i t y lynpbocyte f r a c t i o n s 
Subject 
1. 
2. 
3. 
A . 
5. 
6 
7. 
Q. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
13. 
19. 
20 
H G T ~ 
320 
490 
1655 
16C0 
160 
425 
700 
4450 
750 
190 
350 
200 
175 
325 
330 
3255 
185 
195 
475 
235 
HG. high gravity 
cpm counts per m m 
l-thynr di ne 
Ο
η ο η τ 
6975 
4Z50 
6310 
2800 
405 
3800 
1300 
26490 
850 
3600 
400 
250 
710 
415 
850 
695 
350 
275 
655 
235 
HC 
incorporation 
unseparated 
neasured 
1100 
5C0 
750 
HOC 
195 
SCO 
700 
12690 
500 
400 
325 
220 
320 
410 
470 
1710 
240 
2 75 
505 
255 
bG 
ca 
in cpm 
jnseparated 
culated 
3450 
14 30 
4170 
1850 
375 
1440 
910 
22080 
770 
805 
365 
225 
360 
365 
405 
1975 
250 
220 
525 
235 
Inhibition 
percentage 
68 
65 
82 
41 
48 
79 
23 
43 
35 
50 
11 
2 
11 
-13 
-16 
13 
4 
-25 
4 
- 9 
Percenta 
form ng 
ce E-rosettes 
lymonocytes (HG) 
53 
75 
46 
79 
12 
70 
65 
73 
82 
82 
65 
66 
64 
58 
80 
50 
56 
65 
76 
67 
c e l l s f r o m n o r m a l c o n t r o l s ( W i l c o x o n ' s m e d i a n t e s t ) . 
The Η - t h y m i d i n e i n c o r p o r a t i o n o f t h e H G u n s e n a r a t e d
 f r a c t
'
i o n s 
i n H o d g k i n ' s d i s e a s e was much l o w e r t h a n c o u l d be e x p e c t e d on 
t h e b a s i s o f t h e i n c o r p o r a t i o n i n t o t h e H G n o n . y
 an(1 t h e HG
-|· c e l 1 
p o p u l a t i o n s , a n d t h e HG
 T - HG T r a t i o . The v a l u e s t h a t s h o u l d 
r r
 n o n - 1 I 
h a v e b e e n f o u n d f o r HG
 n s e n a r a t e d '
 w i t h o u t i n t e r a c t i o n b e t w e e n 
HG χ a n d H G T , c a n be c a l c u l a t e d f r o m t h e f o l l o w i n g f o r m u l a : 
n o n - T Τ 3 
cpm HG
 я τ
 χ % non-T cel ls + cpm HGT χ % Τ cel ls non-T ι 
calculated cpm HG unseparated 100 
The r e s u l t s a c t u a l l y o b t a i n e d were n o t a b l y lower i n compar ison 
t o the c a l c u l a t e d va lues i n a l l p a t i e n t s w i t h H o d g k i n ' s d i s e a s e 
(see Table I I I ) . T h i s i n d i c a t e s an i n h i b i t o r y e f f e c t o f the HGj 
c e l l s upon the DNA s y n t h e s i z i n g H G n o n _ T c e l l s i n the H G u n s e p a r a t e d 
f r a c t i o n , c a u s i n g a mean r e d u c t i o n o f 53 % ( range 23-82 % ) . 
T h i s i n h i b i t o r y phenomenon was not observed i n normal c o n t r o l s , 
i n which the c a l c u l a t e d values c o r r e s p o n d e d very w e l l w i t h those 
i n f a c t o b t a i n e d . 
No s t a t i s t i c a l d i f f e r e n c e s were found i n the p e r c e n t a g e s o f 
Ε - r o s e t t e f o r m i n g c e l l s between the f r a c t i o n s w i t h h i g h g r a v i t y 
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and low gravity, nor between Hodgkin's disease patients and normal 
controls. Only patient number 5 had a clearly decreased percentage 
of Ε-rosette forming lymphocytes. 
DISCUSSION 
T h i s i n v e s t i g a t i o n r e v e a l e d a s u b s t a n t i a l l y i n c r e a s e d H - t h y m i d i n e 
i n c o r p o r a t i o n i n t o the h i g h d e n s i t y non-T c e l l s a f t e r e l i m i n a t i o n 
o f Τ c e l l s f rom the same d e n s i t y f r a c t i o n i n p a t i e n t s w i t h H o d g k i n ' s 
Q . . 1 
disease. HUBER et al. and BJORKHOLM , using autoradiography on 
unseparated lymphocyte populations, observed an increased sponta­
neous stimulation of Τ lymphocytes. 
After rosette sedimentation the non-T cell subpopulation consists 
of В cells, 0 cells and monocytes. It is not likely that the mono­
cytes represent the active cell in view of their low concentration 
in the final HG
 T suspensions. It seems more probable that the 
поп-Г
 г 
DNA synthesizing cells are В cells. This is in accordance with the 
g 
findings of LONGMIRE et al. , who described augmented IgG produc­
tion by splenic lymphocytes in Hodgkin's disease. However, a medium 
density cytotoxic lymphocyte with surface characteristics different 
from В or Τ cells, as reported by Yu et al. in osteogenic sarcoma, 
can not be ruled out. Finally it is possible that this high density 
non-T cell is a proliferating malignant cell, liberated by the 
separation from the Τ surveillance system. 
Perhaps even more interesting than the increased spontaneous DNA 
synthesis by H G
η ο η
. τ lymphocytes is the suppression of this pheno-
14 
menon by HG,- lymphocytes. This finding is similar to the suppres­
sion of В cell differentiation in hypogammaglobulinemiс patients 
Impairment of eel 1-mediated immunity by both Τ lymphocytes and 
monocytes has recently been demonstrated in Hodgkin's disease 
and earlier work revealed the existence of a glass adherent 
inhibitory cell involved in the suppression of eel 1-mediated 
5 15 immunity ' . It is impossible to conclude from the methodological 
details in the last studies, whether the suppressive cells were 
monocytes or a subpopulation of lymphocytes, whereas in this study 
the inhibitory mechanism obviously is a function of the non­
adherent Ε-rosette forming lymphocytes. 
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CHAPTER IX 
SUMMARY 
Chapter I p r e s e n t s an i n t r o d u c t i o n t o the immunopathology o f 
H o d g k i n ' s d i s e a s e w i t h s p e c i a l emphasis on the phenomenon o f 
spontaneous t r a n s f o r m a t i o n o f c i r c u l a t i n g l y m p h o c y t e s . These 
s p o n t a n e o u s l y DNA s y n t h e s i z i n g l y m p h o c y t e s , which are a l s o 
observed under c o n d i t i o n s o f known a n t i g e n i c c h a l l e n g e , may 
r e p r e s e n t immunoreact' i ve c e l l s , s t i m u l a t e d i n v i v o by an unknown 
d isease r e l a t e d a n t i g e n . 
Chapter I I o u t l i n e s the s t u d i e s p e r f o r m e d and t h e i r s p e c i f i c 
o b j e c t i v e s . 
In c h a p t e r I I I a new method f o r the i s o l a t i o n o f lymphocytes f rom 
the p e r i p h e r a l b l o o d i s d e s c r i b e d . Combinat ion o f c o n t i n u o u s - f l o w 
n y l o n wool f i l t r a t i o n w i t h Fi c o l 1 - I s o p a q u e c e n t r i f u g a t i on accom­
p l i s h e d a lymphocyte p u r i t y of 96 % and an o v e r a l l r e c o v e r y w i t h 
an average o f 74.5 %, w i t h o u t any s h i f t i n the B-T c e l l r a t i o . 
Lymphocyte s e l e c t i o n on the b a s i s o f s p e c i f i c g r a v i t y r e v e a l e d 
an e n r i c h m e n t o f s p o n t a n e o u s l y DNA s y n t h e s i z i n g c e l l s w i t h i n the 
low d e n s i t y f r a c t i o n s o f lymphocytes f rom p a t i e n t s w i t h H o d g k i n ' s 
d i s e a s e . The same phenomenon was a l s o observed i n p a t i e n t s w i t h 
n o n - H o d g k i η ' s lymphoma, v i r a l i n f e c t i o n s , s o l i d t u m o u r s , and 
m u l t i p l e s c l e r o s i s ( c h a p t e r I V ) . 
A n a l y s i s o f the lymphocyte d e n s i t y d i s t r i b u t i o n p r o f i l e s i n chap­
t e r V showed an i n c r e a s e i n t h e number o f low d e n s i t y lymphocytes 
i n p a t i e n t s w i t h H o d g k i n ' s d i s e a s e as compared t o normal c o n t r o l s . 
3 
M o r e o v e r , the magnitude of the spontaneous Η - t h y m i d i n e uptake by 
these low d e n s i t y lymphocytes was p o s i t i v e l y c o r r e l a t e d w i t h the 
s t a g e o f H o d g k i n ' s d i s e a s e . 
In c h a p t e r IV i t is reported t h a t the spontaneous l y m p h o c y t e t r a n s ­
f o r m a t i o n o f H o d g k i n ' s d isease p a t i e n t s , i n c l i n i c a l r e m i s s i o n 
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a f t e r t h e r a p y , r e t u r n e d t o the normal r a n g e . 
P a t i e n t s w i t h r e s i d u a l d i s e a s e , however, d i d n o t a c h i e v e normal 
l e v e l s . The c o r r e l a t i o n between i n c r e a s e d spontaneous H - t h y m i d i n e 
uptake by low d e n s i t y lymphocytes and d i s e a s e a c t i v i t y was 100 % 
i n 28 cases s t u d i e d . 
I n c h a p t e r V I I a t t e m p t s t o i d e n t i f y t h e lymphocyte s u b p o p u l a t i o n s 
i n v o l v e d i n spontaneous DNA s y n t h e s i s are d e s c r i b e d . There was an 
i n c r e a s e o f a c t i v i t y i n the Τ c e l l e n r i c h e d f r a c t i o n s , w h i l e the 
d o m i n a t i n g a c t i v i t y was r e c o v e r e d i n the non-T/non-B c e l l e n r i c h e d 
f r a c t i o n s . These data p o i n t t o a m u l t i c e l l u l a r i n v o l v e m e n t i n t h e 
spontaneous lymphocyte t r a n s f o r m a t i o n i n H o d g k i n ' s d i s e a s e . The 
e x a c t n a t u r e o f the a c t i v e c e l l w i t h i n the non-T/non-B c e l l sub-
p o p u l a t i o n s remains t o be d e t e r m i n e d . 
3 
I n c h a p t e r V I I I the r e s u l t s o f Η - t h y m i d i n e i n c o r p o r a t i o n s t u d i e s 
a f t e r s e p a r a t i o n o f the h i g h d e n s i t y , o r i g i n a l l y i n a c t i v e , lympho­
c y t e s i n t o a Τ and a non-T c e l l s u b p o p u l a t i o n are r e p o r t e d . 
Τ c e l l d e p l e t i o n c o n s i d e r a b l y i n c r e a s e s the spontaneous DNA s y n ­
t h e s i s by h i g h d e n s i t y non-T c e l l s f r o m p a t i e n t s w i t h H o d g k i n ' s 
d i s e a s e . The a p p a r e n t p o t e n c y f o r spontaneous DNA s y n t h e s i s i s 
o b v i o u s l y suppressed by the Τ lymphocytes p r e s e n t i n the same 
h i g h d e n s i t y f r a c t i o n . 
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STELLINGEN 
1 
De meerderheid van de in vivo getransformeerde lymfocyten heeft 
een laag soortelijk gewicht. 
dit proefschrift 
2 
De hoogte van de spontane ^H-thymidine inbouw in cirkulerende 
lymfocyten bij de ziekte van Hodgkin toont een positieve corre-
latie met het stadium van de ziekte. 
dit proefschrift 
3 
Er bestaat geen relatie tussen het aantal lymfocyten en de hoogte 
van de spontane lymfocytentransformatie bij onbehandelde patiën-
ten met de ziekte van Hodgkin. 
eigen waarneming 
4 
Van de lymfocyten afkomstig uit perifeer bloed van patiënten met 
de ziekte van Hodgkin toont de 0 cel populatie de hoogste spon-
tane transformatie. 
dit proefschrift 
5 
De bij de ziekte van Hodgkin waargenomen toeneming van spontane 
transformatie van non-T lymfocyten met een hoog soortelijk ge-
wicht na scheiding van de lymfocyten in een Τ en non-T subpopu­
latie kan worden verklaard door eliminatie van T-suppressie akti-
vi tei t. 
dit proefschrift 
6 
De afwezigheid van palpabele afwijkingen bij verdenking op arte-
riïtis temporalis sluit microscopisch herkenbare laesies niet uit. 
Goodman, B.W. Amer.J.Med. 67 :839-852 ,1979 
7 
Het gunstige effekt van een onderhoudsbehandeling met BCG bij de 
akute myeloide leukemie is het gevolg van een verhoogde kans op 
het bereiken van een remissie na optreden van een recidief. 
Storms, G.E.M.G., Burghouts, J.
s
 Haanen, С. 
Neth. J. Med. 1980 (in press) 
8 
De antigeen-specifieke B-cel aktivatie in vitro wordt gereguleerd 
door antigeen-specifieke Τ helper en Τ suppressor cellen. 
Ballieux, R.E., Heijnen, C.J.j 
Uytdehaag, F., Zegers, B.J.M. 
Immunological Rev. 45: 3-39, 1979 
9 
Bij total body bestraling als voorbereiding op een beenmergtrans­
plantatie dient de longdosis beperkt te worden ter voorkoming van 
pneumoni ti s. 
Gluckman, E. e.a. 
Path. Biol . 27: 349-352, 1979 
10 
De prognostische waarde van het klinisch stadiëringssysteem voor 
patiënten met de ziekte van Kahler zoals voorgesteld door Salmon 
en Durie is twijfelachtig. 
Durie, B.G.M, en Salmon, S.E. 
Cancer 36: 842-854, 1975 
eigen waarneming R.S.G.Holdrinet 
11 
De patiënt met een kwaadaardige aandoening mag niet de dupe 
worden van het alternatief geneeskundig handelen. 
12 
De West-Zeeuws Vlaamse woorden "pampelen" en "sjappitouwer" ont­
breken ten onrechte in het "Woordenboek der Zeeuwse Dialecten". 
Woordenboek der Zeeuwse Dialecten 
Onder redaktie van Dr.H.C.M.Ghysen 
Uitg. van Goor Zonen, Den Haag, 1974 
13 
Het voorstel van В & W te Rotterdam tot het ontwikkelen van 
eroscentra op daartoe aangewezen schepen kan gezien worden als 
een poging om wereldhavenstad no 1 te blijven. 
Nijmegen, 23 mei 1980 
B.E. de Pauw. 



